University of North Dakota

UND Scholarly Commons
US Government Documents related to
Indigenous Nations

Elwyn B. Robinson Department of Special
Collections

6-8-1970

Minot Extension, Garrison Diversion Unit, Missouri River Basin
Project, North Dakota. Communication from the Assistant
Secretary of the Interior Transmitting a Report on the Minot
Extension, Garrison Diversion Unit, Missouri River Basin Project,
North Dakota, Pursuant to the Provisions Section 9(a) of the
Reclamation Project Act of 1939
United States Congress
US House of Representatives

Follow this and additional works at: https://commons.und.edu/indigenous-gov-docs
Part of the American Politics Commons, Indigenous, Indian, and Aboriginal Law Commons,
Indigenous Studies Commons, Law and Politics Commons, Native American Studies Commons, and the
United States History Commons

Recommended Citation
US Congress, House. Minot Extension, Garrison Diversion Unit, Missouri River Basin Project, North
Dakota. Communication from the Assistant Secretary of the Interior Transmitting a Report on the Minot
Extension, Garrison Diversion Unit, Missouri River Basin Project, North Dakota, Pursuant to the Provisions
of Section 9(a) of the Reclamation Project Act of 1939. 91st Cong., 2d sess., H. Doc. 347. June 8, 1970.
https://commons.und.edu/indigenous-gov-docs/59/.

This Report is brought to you for free and open access by the Elwyn B. Robinson Department of Special Collections
at UND Scholarly Commons. It has been accepted for inclusion in US Government Documents related to Indigenous
Nations by an authorized administrator of UND Scholarly Commons. For more information, please contact
und.commons@library.und.edu.

House Document No. 91-347

91st Congress, 2d Session

MINOT EXTENSION, GARRISON DIVERSION UNIT,

MISSOURI RIVER BASIN PROJECT,
NORTH DAKOTA

COMMUNICATION
FROM

THE ASSISTANT SECRETARY OF THE
INTERIOR
TRANSMITTING

A REPORT ON THE MINO't EXTENSION, GARRISON DIVERSION UNIT, MISSOURI RIVER BASIN PROJECT,
NORTH DAKOTA, PURSUANT TO THE PROVISIONS OF
SECTION 9 (•a ) OF THE RECLAMATION PROJECT ACT OF
1939

JUNE 8, 1970.-Referred to the Committee on Interior and Insular
Affairs and ordered to be printed with illustrations
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LETTER OF TRANSMITTAL
DEPARTMENT OF THE INTERIOR,
OFFICE OF THE 'SECRETARY,

Washington, D.O., Jwne 5, 1970.
Hon. JoHN W. McCORMACK,
Speaker of the House of Representatives,
Washington, D.O.
DEAR MR. SPEAKER: As provided by section 9 (a) of the Reclamation
Project Act of 1939 ( 53 Stat. 1187), transmitted herewith is my report
on the Minot Extension, Garrison Diversion Unit, Missouri River
Basin project, North Dakota.
The Minot Extension of the authorized Garrison Diversion Unit
would provide a water supply to meet the immediate and long-range
municipal and industrial requirements of the city 0£ Minot in northcentral North Dakota. The proposed development would also serve
outdoor recreation and fish and wildlife enhancement functions.
The proposed report on the Extension was transmitted to the
affected States and interested Federal agencies for review as required
by law and procedures approved by the President on May 15, 1962.
Copies of the comments received, none of which ·a re in opposition to the
proposed plan, are attached to the report.
The report and copies of the comments received were submitted to
the President on April 27, 1970. Enclosed is a copy 0£ a letter dated
June 4, 1970, from the Bureau o:f the Budget advising that there would
be no objection to the submission 0£ the report to the Congre:ss.
I ·recommend that the Minot Extension, Garrison Diversion Unit,
Missouri River Basin project, North Dakota, be authorized for construction in accordance with the basic plan presented in the enclosed
report.
·
Sincerely yours,
JAMES R. SMITH,
Assistant Secretary of the Interior.
(ill)
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BUREAU OF THE BUDGET COMMENT
EXECUTIVE OFFICE OF THE PRESIDENT'
BUREAU OF THE BUDGET,
Washington, D.O., June 4, 1970.
Hon. WALTER J. HICKEL,
Secretary of the Interior,
W ashiJngton, D .0.
DEAR MR. SECRETARY : This is in reply to Assistant Secretary Smith's
letter of April 27, 1970, transmitting your report on the Minot Extension of the Garrison Diversion unit, Missouri River Basin project,
North Dakota, and requesting advice as to the relationship of the
proposal to the program of the President.
The proposed plan would provide 'a supplemental supply of municipal and industrial water from ground-water sources to meet the immediate needs and a dependable supply of good quality imported
Missouri River water to meet the long-range needs of the city of Minot.
The proposed development would also serve outdoor recreation and
fish and wildlife enhancement functions. The total project cost is
estimated at $12,910,000, exclusive of costs totaling $4,503,000 assigned
from the Garrison Diversion unit. The project has a benefit-cost ratio
of 1.9 :1.
We note that as part of the first phase of development, the city of
Minot will construct wells, install well pumps, construct a collection
system, and make arangements for transmitting electric power for
pumping-all at an estimated cost of $175,000. The city should be commended for its initiative in financing this part of the capital cost of
the project. We feel that it is appropriate that the installation of
facilities be financed to the extent possible by local interests and that
only that portion which local interests themselves cannot directly
finance should be financed under the reclamation program. We hope
that the Department will further encourage such initiative in future
reclamation projects.
I am authorized by the Director of the Bureau of the Budget to advise you that there would be no objection to the submission of the
report to Congress from the standpoint of the administration's program. However, no commitment can be made at this time as to when
any estimate of appropriation would be submitted for the construction
of the Minot Extension, if ·a uthorized by the Congress, since this would
be governed by the President's budgetary objectives as determined by
the then prevailing fiscal situation.
Sincerely,
DONALD E. CRABILL,
Director, Natural Resources,
Programs Division.
(V)
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REPORT OF THE ASSISTANT SECRETARY OF THE
INTERIOR
DEPARTMENT

OF THE INTERIOR,
OFFICE OF THE .SECRETARY,

Washington, D.O., April 27, 1970.
(Through Bureau of the Budget)
'I'he PRESIDENT,
The White House,
Washing ton, D .0.
DEAR MR. PRESIDENT : My report on the Minot Extension of the Garrison Diversion unit, Missouri River Basin project, North Dakota, is
transmitted herewith as provided by Section 9 (a) of the Reclamation
Project Act of 1939 (53 Stat. 1187) and section III-E-3 of the procedures approved by the President on May 15, 1962 (S. Doc. 97, 87th
Congress).
The Minot Extension of the authorized Garrison Diversion unit
would provide a supplemental supply from ground-water to meet the
immedi ate needs and a dependable supply of good quality imported
Missouri River water for the long-range municipal ,a nd industriial requirements of the city of Minot m north-central North Dakota. The
proposed development would also serve outdoor recreation am:d fish and
wildlife enhancement functions. 'l1he proposal is engineeringly feasible
and economically justified.
The proposed report on the Extension was transmitted to the affected States and interested Federtal agencies for review as required by
law and the procedures approved by the President on May 15, 1962.
Copies of all of the comments received, none of which are in opposition
to the proposed plan, are attached to the report.
I recommend that the plan for development of the Minot Extension,
Garrison Diversion unit, Missouri River Basin project, as set forth in
the enclosed report, be authorized for ·c onstruction. I shall appreciate
receiving your ·a dvice concerning tJhe reliationship of this proposed
water resource development to your program before the report is transmitted to the Congress for its consideration and appropriate action as
provided by the Reclamation Project Act of 1939.
Sincerely yours,
JAMES R. SMITH,
Assistant Secretary of the Interior.
1
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REPORT OF THE COMMISSIONER OF RECLAMATION

DEPARTMENT OF THE INTERIOR,
BUREAU OF RECLAMATION,

W~hington, D.O., April f4, 1970.
THE SECRETARY OF THE INTERIOR.

Srn: This is my report on the Minot extension, Garrison diversion
unit, Missouri River Basin project, N. Dak. It is based on and includes
our proposed report of September 11, 1969, which was approved and
adopted as your 'Proposed report on September 19, 1969, and the attached supplemental report on the extension dated March 1970 which
modifies the proposed report by the inclusion of a ground-water conveyance system and advance construction of a segment of the Minot
pipeline.
Copies of the proposed Teport were transmitted on September 22,
1969, to the affected States and to the Secretary of the Army £or review
as required by the Flood Control Act of 1944. In accordance with the
Fish and Wildlife Coordination Act, as amended, the report also was
sent to the State of North Dakota for comments from the head of the
agency exercising administration over the wildlife resources of that
State. In addition, copies were sent to the interested Federal agencies
for review pursuant to procedures approved by the President on May
15, 1962, and in accordance with the Water Resources Council handbook of June 1969 for coordination of planning studies and reports.
Copies of the comments received are attached to and made part of this
report.
The State of North Dakota endorses the Minot extension, supports
the modified p1'an of development as presented in the attached supplemental report, and urges early •a uthorization of construction so that the
initial phase of development can be carried out as soon as pra-cticable.
The North Dakota Game and Fish Department concurs in the findings
of the report and indicates it will participate in the fisheries management of Livingston Reservoir. As required by the Federal Water Project Recreation Act, the board of directors of the Garrison diversion
cmi3ervancy district has indicated its intent to 'a gree to administer the
land and water areas of the Minot extension for recreation •a nd fish and
wildlife enhancement and to bear one-half of the separable costs allocated to those two functions and all of the costs of operation, maintenance, and replacement incurred therefor.
The State of Iowa has no objection to the Minot extension, provided
that in times of water shortages in the Missouri River Basin the Garrison diversion unit as a whole shares in the curtailment of water use
as all other users have done in the past ·a nd •a re expected to do in the
future. It is acknowledged by the State of Iowa, however, that the
water for the Minot extension is minor in scope and was included as
(U.)
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part of the total amount of water to be withdrawn from the Missouri
River by the Garrison diversion unit authorized by Congress by the
Act of August 5, 1965 (79 Stat. 433).
The Chief of Engineers, Department of the Army, -advises that the
proposed development would not conflict with existing or authorized
projects or plans of the Corps of Engineers. Comments received from
the other States and the Federal agencies are favorable or offer no objection to the proposed development. It therefore is not necessary to
revise the proposed report as a result of the review.
At the time our feasibility report on the Minot extension was being
completed, the city of Minot advised us that it planned to make
ground water studies, in cooperation with the North Dakota State
W ater Commission, to determine if the recently identified Sundre aquifer near the city could provide an adequate supplemental water supply
to meet the city's critical short-term needs until water would be available from the Garrison diversion unit, which is now under construction. At that time it was recognized by those concerned that if the
findings were favorable a proposal to develop the ground water potenti'al of the Sundre aquifer might be incorporated m the recommended
plan of development of the extension before our feasibility report was
transmitted to the Congress for consideration.
Investigations by the city and the commission show that the Sundre
aquifer has the potential to supplement the city's existing supply from
the Minot aquifer 'a nd the Souris River to meet its projected needs
until the late 1970's. In view of these findings, the city and the commission proposed that the city develop the ground water supply of
the aquifer by the construction of wells, pumps, and ·a collection system; and that the plan of development for the Minot extension be
modified to include a ground water conveyance system and that this
feature, plus a segment of the Minot pipeline required to convey the
ground water supply to the city's treatment plant, be constructed as
soon as possible as the first phase of the proposed development.
This modifi,ed plan of development would more adequately serve the
city's immediate needs and would permit the deferment of construction
of the remaining second-phase facilities required to utilize the water
supply from the Garrison diversion unit until the water demands
exceed the capability of the ground water supplies.
The quality of the water m the Sun~re aquifer is 1about the same as
the Minot aquifer now being utilized by the city. Total dissolved solids
·a verage about 900 to 1,000 parts per million (p.p.m.). Missouri River
water whioh would be supplied to the city by the second phase would
have a total dissolved solids content of about 540 p.p.m.
Water supply and demand studies indicate that the Minot aquifer,
Souris River streamflow, and Sundre aquifer cannot be relied upon to
meet Minot's continuing water requirements. City growth and increased consumption are expected to result in peak and yearly demands
in excess of tJhe supply available from these sources by the late 1970's. It
is estimated that about 6 years after completion of the first-phase
ground water conveyance system, water would be needed from the second-phase system.
The first phase of tJhe Federal development would consist of the Sundre pumping plant n0ar the aquifer, the Sundre pipeline leading from
the pumping plant 3.7 miles to the Minot pipeline, and a 3.6-mile seg-·
ment of the Minot pipeline leading to the city's water treatment plant.
1

XI

In conjunction therewith the city of Minot would develop tJhe Sundre
aquifer by constructing wells, installing well pumps, constructing a
collection system, and making arrangements for transmitting electric
power to the well pumps and the Sundre pumping plant.
The remainder of the recommended plan would be constructed as a
second-phase development. It would provide for diversion of Missouri
River water through the Garrison diversion unit facilities to meet the
city's long-term municipal -and industri al water needs and also provide
for fish and wildlife enhancement and recreation opportunities. After
the second-phase development has been completed, the ground water
conveyance system would be maintained for possible use during emergencies and to meet any unusual peak demands.
The total estimated project cost of the Minot extension, as modified
by the supplemental report and based on January 1969 price levels, is
increased by $660,000 to $17,400,000. The total includes the estimated
construction cost of $2,080,000 for the first-phase development and the
estimated construction cost of $10,800,000 plus the assigned costs of the
Garrison diversion unit of $4,500,000 for the second phase. Interest
during construction would add $1,2_00,000, making a total project investment of $18,600,000. The estimated operation, maintenance, and
replacement costs would increase from $157,000 to $159,000 for the
modified plan.
The cost allocation for the plan of development recommended in our
proposed report was adjusted to include the costs of the ground water
conveyance system, which are separable costs allocable to municipal
and industrial water. Interest during construction was adjusted to
reflect the increase in total costs of the Minot extension and the change
in the construction schedule for the Minot pipeline. A reallocation of
joint costs of the second phase was not made for the purpose of this
report.
The estimated capital investment and operation, maintenance, and
replacement costs for the pltan of development as modified by the supplemental report are tentatively allocated to the two phases of development -as follows:
1

[In thousand dollar units-rounded]

Item
Municipal and industrial water:

1st phase

Project cost_ ____ _____ _____ _______________ ____ ________ ____ ____
2, 080
Interest during construction 1_________________ _______________ ___
74
O.M. & R. cost(annual) ____________ _________ __ __ _______________
3
Recreation
and
fish
and
wildlife:
Project cost_ __ ____ _______ _____________ _____________________ _____ ______ ___ _Interest during construction t ______ _ _________ ___________________ ____ _ _______ _ _
0. M. & R. cost (annual) __ ____ ____ ________________ __________ ______ -_____ -- ___ Total allocated cost:
Project cost__ ______ _____________________ _____________________
2, 080
Interest during construction 1_ ____ _ _ _ _ __ _ _ __ _ _ __ __ ___ _ _ _ _ _ _ __ _ __
74
O.M. & R. cost (annual)_________ ___________ _________________ ___
3
t

2d phase

Total

12,700

989

14,780
1,063

66

69

2,630
157
91

2,630
157
91

15,330
1, 146
157

17,410
1,220
160

Current rate of 4½ percent.

The annual costs of the Minot extensian, which include the annual
equivalent of the net project investment (total investment less pre-.
authorization inYestigation costs) and the annual operation, maintenance, and replacement costs, and reflect phase development, have been
computed to be $847,000.
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The annual benefits to be derived from the municipal and industrial water supply function have been reevaluated to be $1,500,000, the
same as for the original plan. Under the modified ,plan, benefits for
the recreation and fish and wildlife functions of the Minot extension
would not begin until completion of the second phase. Thus, these
benefits are discounted from those given in the original plan to reflect
this deferral, and the benefits expected to be derived from outdoor
recreation have been evaluated to be $104,000, and from fish and wildlife enhancement $31,000, as compared to $141,000 and $41,500, respectively, for the original plan. A summary of the changes in costs
and benefits resulting from the modified plan of development is presented on page 12 of the supplemental report.
The ratio of the total evaluated annual benefits ($1,640,000) to the
estimated annual costs ($847,000) for a 100-year period of analysis
at 4% percent interest is 1.9 to 1, compared to 1.7 to 1 for the original
plan. This increase results principally because municipal and industrial water benefits can be provided in the first years of project operation by investments for only the first-phase facilities. The substantially more costly second phase and the fish and wildlife and recreation
benefits associated therewith would be deferred for 6 years.
The project and assigned costs ($14,780,000) and interest during
construction at the current rate of 3.342 percent ($811,000) allocated
to the municipal and industrial water supply function and totaling
$15,600,000 would be reimbursable by the city of Minot with interest
within 50 years as required by reclamation law and policy. The reimbursable component for the first-phase development would be $2,080,000 project and assigned costs and $51,000 interest during construction.
Similarly, the reimbursable component for the second-phase development would be $12,700,000 project and assigned costs and $760,000
interest during construction, except that the principal and interest
payments on $5,500,000, which represents 30 percent of the total investment ($18,350,000) , would be deferred for a period of 10 years
from the first year water is used from the second-phase facilities, as
provided by the Water Supply Act of 1958 (72 Stat. 297).
The remaining $7,960,000 municipal and industrial ·w ater supply
costs for the second phase would be repayable and bear interest initially
from the first year that water is used from the constructed works. In
addition, the estimated annual operation, maintenance, and replacement costs of $14,600 initially for the first phase and $58,600 initially
and $68,500 ultimately with the second phase would be reimbursable
by the city of Minot.
One-half of the separable costs allocated to recreation and fish and
wildlife enhancement ($607,000) and -all separable operation, maintenance, and replacement costs ($'26,000 initially and $86,000 ultimately)
would be repaid in accordance with provisions of the Federal Water
Project Recreation Act (79 Stat. 213). The remaining $2,050,000 of
project and assigned costs and $5,100 operation, maintenance, and replacement costs allooated to these functions would be Federal costs ,a nd
be nonreimbursable. A detailed summary of bhe reimbursable and nonreimbursable costs is tabulated on page 15 of the attached supplemental report.
The modified plian of development for the Minot extension has engineering feasibility and is economically justified. Its early authorim1
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tion is strongly supported by the State and local interests and the city
of Minot has exrrE:Ssed its 'Yillin~ess to repay the reimbursa~le cost:,s
allocated to mumcipal and mdustrial water SUJ?p1y. The Garrison Diversion Conservancy District has indioated its mtent to agree to share
in the costs of and administer the land and water areas for outdoor recreation and fish and wildlife enhancement.
The Minot extension would have a favorable impact on tJhe !human
environment of the 1area by furnishing water supplies iand :facilities
for the well-being o:f the people. No significantly unique natural resource areas or conditions would be adversely affected by the proposal.
There is no alternative development that would provide the desired
economic a;nd social benefits to be derived :from the proposal. Commitment o:f the water resource for domestic purposes constitutes its highest
use and is irreversible except to the extent that it may no longer be
needed, may be provided by more economic or ·d esirable alternatives,
or may be required to meet more critical human needs.
I therefore recommend t1hat you approve and adopt tJhis report as
your report on the plan o:f development :for the Minot extension, Garrison diversion unit, Missouri River Basin project, North Dakota, and
that you transmit it, together with the attach~d documents, to the President and subsequently to the Congress, as provided by the Recl'amation
Project Act o:f 1939.
Respectfully
ELLIS L. ARMSTRONG, Commissioner.
Approved and a;dopted, April 27, 1970.
JAMES R. SMITH,
Assistant Secretary of the Interior.
1
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UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION
REGION 6

SUPPLEMENTAL
REPORT ON

MINOT EXTENSION
GARRISON DIVERSION UNIT, NORTH DAKOTA
GARRISON DIVISION
MISSOURI RIVER BASIN PROJECT
MISSOURI-SOURIS PROJECTS OFFICE
BISMARCK, N. DAK.
March 1970
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SUMMARY SHEETS

Modified Plan-Minot Extension, Garrison Diversion Unit,
North Dakota
GARRISON DIVISION' MISSOURI RIVER BASIN PROJECT

LOCATION

The Minot extension of the Garrison di version unit is located east
of the Souris River at the city o:f Minot (1966 population 33,000) in
Ward County of north-central North Dakota.
AUTHORITY

A feasibility investigation of Minot extension of the Garrison diversion unit was authorized by the Congress on February 13, 1968
(82 Stat. 5). Garrison diversion unit was initially authorized by the
Flood Control Act of 1944 ( 58 Stat. 887) as a part of the Missouri
River Basin project and was reauthorized by the Congress on
August 5, 1965 (79 Stat. 433).
MODIFIED PLAN OF DEVELOPMENT

The original plan of development, as presented in the :feasibility
report of July 1969, proposed that initial water for Minot be obtained
by construction of storage ·a nd conveyance facilities from the Velva
Canal of the Garrison diversion unit. This plan was modified by the
supplemental report of March 1970 to construct, as a first phase development, ground water conveyance facilities utilizing a ground water
supply found in the Sundre aquifer near the city until water is ·ava,ilable from the Garrison diversion unit and later as a standby facility.
The first phase development consists of a pumping plant near the
aquifer, a .Pipeline leading to the Minot pipeline of the original p1'an,
and a sect10n of the Minot pipeline leading to the city's water treatment plant. A maximum of 6 million gallons of water per day would
be conveyed.
The remainder of the original plan would be constructed as a second
phase development. It provides for diversion of 22,953 acre-feet of
Missouri River w~ter through the Garrison diversion unit facilities by
year 2020 to meet long-term municipal and industrial water needs and
for fish and wildlife enhancement and recreation purposes. Principal
supply works would include two pumping plants lifting water from
Velva Oanal through •a pipeline to a regulating reservoir on Livingston
Creek from which water would be conveyed by the Minot pipeline to
the city's water treatment plant.
(3)
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PROJECT AND ASSIGNED COSTS (JANUARY 1969 PRICES)
Modified plan
1st-phase
development
Livingston Dam and Reservoir. __________ ___ __ _____ ____ _____ ___ ______ __ ______ _____
Minot pumping plants Nos. 1 and 2__ ____ ____ ______ ___ _______ _______ ____ ___________

2d-phase
development
$4,779,000
1,830,000

Total

::iii~{~i.l'.!);::Ht))'.'.'.'.\'.tH'.\HHt;(:;::rn:r::;'.!!!!\~1i

$4,779,000
1,830,000
150,000
4,970,000
(2, 670, 000)
( 1, 790, 000)
(510,000)
4,000
l, 177,000

Total, project costs___ ______ _________ __________ ____ ___ __ _____
2,080, 000
Assigned costs (Garrison diversion unit)____ __ ___ _______________________ ___________

12,910,000
4,503, 000

Total, project and assigned costs_ _______ __ ___ __ _____ ____ ___ __ _
Less estimated preauthorization investigation costs to June 30, 1970, and
assigned costs____ ________ ________ __ ____ ___ ___ ________ ______ ____

10,830, 000
4,503,000

2,080,000

15,333,000

17,413, 000

-10, 000

-4, 608,000

-4, 618, 000

- -2,070,000
- - - -10,725,000
- - - - -12,795,000
---

Costs to complete ___ ___ ___ __ ___ _____________________________

OPERATION , MAINTENANCE, AND REPLACEMENT COSTS (ULTIMATE)

Purpose

Non-Federal

Municipal and industria l water.__ ___ __________ ______________________
Recreation, fish and wildlife:
Joint._____ _______ __ __ ______ ____ __ __ ___ ___ ___ ______ ____ ___ ___
Separable _____ _______ ______ _______ __ _________ __ __________ ____

Federal nonreimbursable

Total

0

$68, 500

$68,500
0
86,000

$5, 100
0

5, 100
86, 000

- - - - -5,100
- - - -159,600
-TotaL _______ ______________ ________________ ___ ___________ __- - 154,500
BENEFITS AND COSTS

Benefits and costs were analyzed for a 100-year period with an interest rate of 4% percent.
Item

Annual

equivalent
Benefits (annual):
Municipal and industrial water _____ __ ___ __ ______ ___ ___ __ __ _ $1,501,000
Recreation _____ ___ _______ _____________ ___ __ ______ ___ ___ _
104,300
Fish and wildlife __________ _________________ _____________ _
31, 100

Total annual benefits _______ ___ __ ___ __ ____ ______ _____ __ _

1,636,400

Project investment:
First phase:
Project costs ______ ___ ___ __ __ ____ ___ ____ ____ __ _______ _ 2,080,000
Interest during construction (IDC) ___ ______ _______ ____ _
74,000
Second phase:
Project costs __ __ _____ __ ___ ____ _______ ___ ____ ________ _ 10,830,000
Interest during construction ______ ___ ___ ___ _____ __ __ ___
834,000
Assigned costs (including IDC) ________ _______ ___ __________ _ 4,815,000
Less preauthorization investigation costs (including IDC) ____ _ _ -124, 000
Net project investment __________ _______ ___ _________ ____ _ 18, 509, 000
Annual equivalent cost:
Net project investment ______ ___ __________________________ _
Annual
operation,
maintenance
and replacement:
Project
__________
_____________
____ ___________ ____ ___ _
Assigned ___________ ___________ __ ___ ________________ _
Total annual equivalent cost __ ____ __ _____ __ _- - - - - - - -Benefit-cost ratio, 1.93.

752,400
75,000
20,000
847,400

5
COST ALLOCATION
Project
and
assigned

Interest
during construction 1

Total
investment

Ultimate
annua I
O.M. & R.

Municipal and industrial water_ _____ _____ ______ ___ ___ _ $14,779,000
Recreation -fish and wildlife____ _______________ _____ __
2,634,000

$1,063,000
157,000

$15,842, 000
2,791,000

$68,500
91, 100

1, 220, 000

18,633, 000

159,600

Purpose

Total, costs_______ __ __ __ __ ____________ __ _____ _
1

17, 413, 000

Interest during construction computed at 4½ percent rate.
REIMBURSABILITY OF COSTS AND REVENUE SOURCES FOR PAYMENT
Project
and
assigned

Source and purpose

Repayment of reimbursable costs:
M. & I. water_ ___ ________ ____ ___ _____ __ __ _____ __ $14,779,000
Recreation, fish and wildlife- non-Federal public
body ____ __ _____ ___ ___ _____________________ __
588, 500
Federal nonreimbursable costs: Recreation, fish and
wildlife__ _____ _____ _________ ____________ ___ ______
2, 045,500
Tot aI.. _______ ______ ____ _____ ___ __ ______ __ __ _
1

Interest
during construction 1

Total
investment

Ultimate
annual
O.M. & R.

$811,000

$15,590,000

$68,500

19, 000

607, 500

86, 000

104,000

2,149,500

5,100

- - - - -934,
-- -18,-347,
-000
- - - -159,
-600
000

17, 413, 000

I nter6st during construction computed at 3.342 percent rate of interest.

POWER A ND ENERGY REQUIREMENTS

Electrical energy :for pumping at Minot Pumping Plants Nos. 1 and
2 could be obtained from the Missouri River Basin power system.
Electrical energy :for the Sundre Pumping Plant would be obtained
from facilities to be arranged by the city at the Sundre Aquifer area
for well operation. Average annual requirements would be:
Energy-kilowatt-hours

Pumping plant :
Minot Nos. 1 and 2__ _______ __ ________ ________ ___
Sundre __. ___ ____ __ _____________ _____________ __
1 Intermittent

Demand-kilowatts

Initial

Ultimate

Initial

Ultimate

2,928,000
680,600

5,714,000

1,604
135

1,604

(l)

(1)

pumping as standby facility.

M inot extension feat ures
Livingston Dam (earthfill):
Crest length (feet) __ __________ __ _____ ________ _____ ______ ____ _ _ 2,570
H eight (feet) __ ________________________ ____ ____ ____- _- _____ - _ 64
Livingston Reservoir:
Total storage capacity (acre-feet) ___ _________ ____ ___ ________ ___ _ 10, 350
Area (acres) _____ __ __ ___ ____ ______ __________ ____ ____________ _ 1, 200
PUMPING PLANTS
Total
nominal
capacity
(cubic feet
per second)

Horsepower

Rated head
(in feet)

4

9.3

155

104

5
5

78. 0
78. 0

1,400
800

104
66

Number of
units
1st phase : Sundre ___ ._._ ••• _. ____ • ________________ ._
2d phase :
Minot No. 1. . _________________________________ _
Minot No. 2___.________________________________ _
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PIPELINES

Single line

Size
(inches)

Type

1st phase:
Sundre ____ __ __ ___ __ ______ ___ ___ ___ _____ _ Concrete ____ __ ___ __
Minot __ _____ ___ __ ___ ______________ _______ ___ __ do _________ ___ _
2d phase:
Livingston _____ __ __ ________ __ __ ______________ __ do __ ___ _______ _
Minot _______ __ ____ ___ _____ __ ___ _____ _____ ____ _do ____ ________ _

Capacity
(cub:c feet
per second)

21

Length
(miles)

9.3

51-48

75. 0

3. 7
3. 56

51
51

78. 0
75.0

9.4
1.14

WATER REQUIREMENTS
Million
ga lions

Acre-feet
Interim ground water supply from Sundre aquifer__ ____ __ ________ ______ ___ __ ___ _
Surface water supply from Garrison diversion unit:
Total diversion to Livingston Reservoir_ ____ _____ _____ _____ _____ __ ______ ___ _
Releases from Livingston Reservoir __ ___ __ __ _____ __________ ___________ ____ _

4,150

1,352.3

22,953
21,740

7,479.0
7,084.0
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DEPARTMENT OF THE INTERIOR,
BUREAU OF RECLAMATION, REGION

Billings, Mont.,

6,

l',f arch

1970.
To : .Commissioner.
From: Regional Director, Billings, Mont.
Subject: Supplemental report on Minot Extension of the Garrison
Diversion Unit, North Dakota-Garrison Division, Missouri
River Basin project.
TRANSMI'ITAL

This is my report on modification of the plan for the Minot Extension of the Garrison Diversion Unit, Missouri River Basin project,
presented in my feasibility report of July 1969. Modification consists
of advance construction of a part of the Minot Pipeline and addition
of ground-water conveyance facilities to the plan.
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At the time of completion of my feasibility ~po~, the city <?f ~ot
advised the Bureau of Reclamation that the city, m cooperation with
the North Dakota State Water Commission, planned to make groundwater studies to determine if a recently identified aquifer near _the city
would provide an adequate supply _of supplem~ntal w_at~r until 'Yater
would be available from the Garrison Diversion U mt rn the middle
1970's, or later. It was agreed that the Bureau would go ahead and
process its feasibility report on Minot Extension but would consider
modification of the plan before submittal of the report to the Congress
if addition of ground-water conveyance facilities to the plan was
found to be feasible and advisable.
The studies of the aquifer were completed in November 1969. Pumping tests showed that the aquifer had the potential to furnish sufficient
supplemental water for the city to meet needs until the late 1970's. As
a result of these favorable findings, the State of North Dakota, in its
review of the Secretary's feasibility report, recommended that the
necessary ground-water conveyance facilities be added to the plan for
Minot extension and that a part of the Minot pipeline be constructed
as soon as possible as a first phase of construction. The State ·further
recommended that the remamder of the works necessary to convey
water from the Garrison Diversion Unit be considered as a second
phase of construction, but with construction deferred until_the ~eeds
of the city would require a full water supply from the Garrison
diversion unit.
Feasibility investigations recently completed by the Bureau of
Reclamation show that the modified plan would add $660,000 to total
costs, that it has engineering feasibility, and that it would be
economically justified.
PROBLEMS, NEEDS, AND INTEREST

Problems of the city of Minot in obtaining a satisfactory water supply to meet present and future needs of the city have been described -in
the feasibility _report of July 1969. The city· has long looked to .the
Garrison Diversion Unit as a source of a fuil supply of good quality
water. However, adequate funding for construction of supply features
of the Garrison Di version Unit has not been available in most years
since initiation of construction in 1967. The original schedule proyided for availability of water in Velva Canal for service to the city
m 1972; the present schedule calls for availability of water in 1975,
~ut meeting this objective requires appropriations totaling $132 milhon for the next 5 years, as compared to a total appropriation of $16
million in the first 4 years of construction.
Because of a poss.ible continuing slow rate of construction on Garrison Unit facilities, the city of Minot is interested in temporary
measures that would provide supplemental water in the next 2 or 3
years. Water rationing has been in effect intermittently since 1915.
In 1968, the city suffered one of its most serious water shortages. In
1969, the present well system was recharged as a result of flooding of
the S_ouri~ River flood plain and adequate water was available from the
Souris River. For 1970, the outlook for an adequate supply is good
because of carryover ground-water storage, but there is no assurance
that an adeq~ate. supply will be available in the next several years.
Long-term historical records of streamflow, well yields, and ground-
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water drawdown indicate that water shortages would recur. Thus, the
city has recommended development of a well field at the Sundre
Buried-Channel Aquifer and modification of the plan for Minot Extension to provide for early construction of ground-water conveyance
facilities.
The city has approved the general plan for Minot Extension presented in. the report of July 1969 and has urged that the Bureau of
Reclamation develop a satisfactory program for the immediate installation of the ground-water conveyance facilities as a first stage of the
Minot Extension. The State of North Dakota, commenting on the
Secretary's proposed report on Minot Extension, has urged construction of the ground-water conveyance facilities as a part of the Minot
Extension. The State has also advised of the interest of the State Fish
and Game Department in managing fish and wildlife facilities and
of the concurrence of the Garrison Di version Conservancy District.
The Garrison Diversion Conservancy District has indicated its intent to cost share in the recreation facilities, which will be part of the
second phase of the modified plan. It has also indicated its intent to
further assist the city through assuming operation and maintenance
functions for the water supply facilities of the second phase.
The Minot Air Force Base has advised of its interest in obtaining a
full supplY. of water in accordance with its contract with the city and
of its possible future needs beyond the contracted amount of 2.5 million
gallons per day ( m.g.d.).
WATER REQUIREMENTS AND SUPPLY

Water use has been dependent on supply from the present well system and the Souris River. It was varied between 3.1 m.g.d. and 4.6
m.g.d. and the supply has been inadequate to meet water requirements
in most years. The dependable yield of the present well system is estimated at 2.5 m.g.d.; with the remainder of the needs dependent on
availability of water from the Souris River. Present water use average
figures are not indicative of needs because the short supply in many
years has made rationing necessary. For example, water records for
the city show a use of 80 gallons per capita per day as contrasted to
120 gallons per day for cities in North Dakota of comparable size but
havi:p.g an adequate supply.
_ Pro1ections of population growth and increases in per capita use
rates show that the city will need 6.4 m.g.d. by 1974 and 8.8 m.g.d. by
1980. Development of the ground-water system to provide 6.0 m.g.d. to
supplement the present sources has been recommended by the city. The
testing program of the North Dakota State Water Commission shows
that the new aquifer, called the Sundre Buried-Channel Aquifer, will
have a sustained capability of at least 6.0 m.g.d. indefinitely, assuming
-natural recharge. As an additional measure to insure an adequate
supply, the Commission recommended inducing recharge into the aquifer through water spreading, whenever water would be available from
the Souris River.
The Bureau of Reclamation has reviewed the test data and findings
and has confirmed that there is sufficient water in the aquifer to meet
the city's supplemental requirements until water is expected to be
available from the Garrison Diversion Unit in the late 1970's.
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The engineering and hydrologic feasibility of the proposed groundwater conveyance system is dependent upon ~evelopm~nt of the S1:111dre Buried-Channel Aquifer. The aqmfer is a buried pre-glacial,
steep-walled channel, 1 to 2 miles. wide, O! llll:determined length, and
filled with sand and gravel deposits varyrng rn depth up to 275 feet.
The Sundre aquifer is comiected hydraulically with other small~r
aquifers in the vicinity of Minot and is also exposed in the Souris
1{1ver channel where it crosses under the ·r iver about 5 miles southeast
of the city. Thus, some interchange of water between ~quifers and_the
river can be expected. The proposed well field tapprng the aqmfer
would be located in this vicinity ( see Minot Extension Map) .
A water-bearing portion of the aquifer up to 12 miles in length
extending southeast from Minot to the Ward-McHenry County line
was delineated during the studies. This large water-producing area
was estimated to contain 384,000 acre-feet of water in storage. However, the amount that could be recovered from the entire aquifer is
unpredictable at this time.
Quality of the water in the Sundre aquifer is about the same as the
Minot aquifer now being utilized by the city. Total dissolved solids
average about 900 to 1,000 parts per· million (p.p.m.). Missouri River
water which would be supplied to the city in the second phase would
have a total dissolved solids content of about 540 p.p.m.
Water supply studies indicate that the Minot aquifer, Souris River
streamflow, and Sundre aquifer cannot he relied upon to meet Minot's
annual and peak water requirements for a long period of time. City
growth and increased consumption are expected to result in peak and
yearly demands in excess of the supply available from these sources.
It is estimated that about 6 years after completion of the first phase
ground-water conveyance system, water would be needed from the
second phase system.
MODIFIED PLAN OF DEVELOPMENT

The modified plan for Minot extension proposed in this report provides for a first phase development to convey water from the Sundre
aquifer to the Minot pipeline and includes initial construction of a
major part of the Minot pipeline to the city water treatment plant. It
was concluded that this plan was the most economic means for meeting
the urgent water needs of Minot until a second phase, involving a
water supply from Garrison Diversion Unit, could be constructed.
Studies of alternatives
Consideration was given to several ·a lternatives for location of a
pipeline from the east city limits to the city treatment plant in lieu
of constructing the full-size Minot pipeline. A principal consideration
was that any more direct route or construction of a smaller pipeline
would result in a later duplication of facilities. A smaller pipeEne
woul?, al~o require pumping, whereas the Minot pipeline will be a
gravity hne.
A direct route for a smaller pipeline from the aquifer to the treatm~nt pla~t was found to be !mpractical from an engineering standpornt. ~his ~out.e ":ould reqmre cons~ruchon through the commercial
and residential sections of the south side of the city, which are srituated
on bluffs 200 feet above the valley. Right-of-way and construction costs
as well as pumping costs, would be excessive.
,

J ..
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Other routes through the valley in the lower part of the city were ·
examined. A route entering the city from the southeast and utilizing
the lower one-third <?f the Minot pipeline off~red th~ most p~actical
route. However, studies showed that any possible savmgs arismg out
of construction of a smaller and more direct line in the valley would
be more than offset by increases in pumping costs because of greater
head losses, increases in unit costs of pipe, and increases in costs for
pump and motors. In add~tion, a separate pipeline for the groundwater conveyance system would involve two major disruptions of city
utility and railway facilities during construction of Minot extension,
during the first phase of construction and later during the construction
of the Minot pipeline in the second phase. It was concluded that construction of the full-size Minot pipeline in the location required for
the ultimate .Project would be recommended.
Comparative studies were also made in the sizing of the Sundre
pipeline and pum,Ping plant to obta,in the most economical design.
Additional studies as required will be made of the facilities during
the preconstruction period.
Inclusion of C0111Veyance facilities as part of Federal project
Justification for inclusion of the Minot pipeline in the Federal project was given in the report of July 1969. Conditions as to financial obligations of the city have not changed since that report was prepared.
Moreover, higher interest rates have made it increasingly difficult for
municipalities to sell bonds for public improvements.
The city has financing capability to undertake construction of wells
and a collection system at the well field but requires long-term financing for the remainder of the system. Therefore, the city has requested
that the ground-water conveyance facilities be constructed by the Bureau of Reclamation under a long-term repayment contract.
Additional facilities required for 'IJU)dified plan
The city of Minot would develop the Sundre aquifer by constructing wells, installing well pumps, constructing a collection system, and
making arrangements for transmitting electric power to the well
pumps and the Sundre pumping plant. Estimated construction cost is
$175,000, which would be a non-Federal cost.
Water would be delivered from the wells by the city to a buried,
concrete forebay regulating tank at the Sundre pumping plant with a
capacity of about. 24,000 gallons. This forebay regulating tank would
be the beginning of the Federal project. Sundre pumping plant would
be an indoor plant with a capacity of 9.28 cubic :feet per second (c.:f.s.)
or 6.0 m.g.d. under a total dynamic head of 104 feet. Water would be
pumped 0.4 mile through the Sundre pipeline to a buried, concrete
afterbay tank of 21,000-gallon capacity. Water would flow by gravity
from the afterbay tank through the remaining 3.3 miles of the Sundre
pipeline to the Minot pipeline and continue by gravity to the water
treatment plant of the city. The Sundre pipeline would be 21 inches in .
diameter and 3.7 miles long.
The 3.56 mile section of the Minot pipeline to be constructed as a part
of the first phase would have an initial diameter of 51 inches and terminal diameter of 48 inches, as designed for the ultimate project.
The facilities for the second phase of Minot extension would be the
same as presented in the report of July 1969 except for construction of
a part of the Minot pipeline in the first phase.
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Project and assigned coBts.-Project and assigned costs for the modified plan and a comparison with the original plan are shown in the
following tabulation :
Modified plan
1st-phase
development

2d-phase
development

Total

Original
plan 1

Livingston Dam and Reservoir_... . ..... .. .. . . . . . . ... .. . . ....... . ... $4, 779, 000
Minot pumping plants Nos. 1 and 2... . .. . ... . . .. .. .. .......... .. ...
1, 830,000
Sundre pumping planL. . . . . ... . .. .. . .... . . . . . . . . . . .
$150,000 . .. .... ... . . ..
Pipelines •• •.. . •- -- · -··-·--- ·· ---·-·-·- · ·-- · -· · - · -· 1,930,000
3,040,000

$4,779,000
$4, 779, 000
1,830,000
1,830,000
150,000 ... . ... ... . .. .
4,970,000
4,460,000

Livingston ___ . _._. -- · · .. - · - ------.- · -·- - .. · ·-· . . •.•. · - .. -· · -.
(2,670,000)
MinoL •••. • .. ..• ... - · -·· · · - ··· · · · · -·- · ·-· -- -·(l , 420,000)
(370,000)
Sundre __ • __.. _.• . -. - · -·-· -·- · -· -- - - -· · ··-· ··- (510, 000) - · -· · -- · --- · -·

(1,790, OOO) .- · ·· · -· · ····(510, OOO) ___ ·· -·-- ·· · - ·

- - - - - - - - --- - -- (2,670, 000) _. · -·. _-·- · -. _

Fish and wildlife facilities . .. . _. _·· · -·· ·· ·- -·-· ·· · · -- · ·-·---··· - · -- · Recreation facilities ___ • __. . __·---·- • . - · __- - · · -··- - ·- ·-.- ··- .. - · __ .

4,000
1, 177, 000

4,000
1,177,000

10,830,000
4, 503,000

12, 910, 000
4,503, 000

============

Total project costs. ___ _·- __- · -· . ..... · - .. • . · -.
2,080,000
Assigned costs (Garrison diversion unit>---· - ··- · ·· ··· · · · -·· ·· ·-··-·-·

-- - -15,333,
- -000- -17,-413,000
-Total project and assigned costs_ •• _.·- . . __•.. . _
2, 080, 000

4,000
1, 177,000
12,250,000
4, 503,000

-!~. 753, o,oo

Less estimated preauthorization investigation costs to
June 30, 1970, and assigned costs_ · · ···-· ·· ·· -· -·· --

-10, 000

-4, 608,000

-4, 618, 000 .

_-4, 612, 000

Costs to complete. -·- · -·- __-· __ .... ---··- . . · -.

2,070, 000

10, 725, 000

12,795,000

12, 141, 000

t

Report of July 1969.

Operation, maintenance, and replacem-ent costs.-The works constructed under the first phase would be operated by the city in conjunction with the Sundre well system, as required. The system is
designed for yerur-round operation.
The principal operating cost item of the Federal project would be
electrical energy costs for the Sundre pumping plant. Annual energy
requirements were estimated to be 680,600 kilowatt-hours, based on
delivering an annual average of 4,150 acre-feet (1,352.3 million gallons) of water ·f or the estimated 6-year period of operation. Estimated
average annual operation, maintenance and replacement costs ( O.M.
& R.) would be $14,600 for this period. Operation, maintenance, and
replacement costs for future years, while in use as a standby supply,
and for the first phase 1part of Minot pipeline, would average about
$3,000 a year.
Oonstruction scheduling.-In order to meet urgent water needs of
the city and to make maximum -use of the ground water conveyance
facilities, construction should be initiated as soon as possible after
authorization of the first phase of the modified plan for Minot extension. Approximately 9 months would be required to complete design
data for the first phase development and to prepare designs and specifications for the Federal project. Construction time for the Sundre
-pumping plant, Sundre pipeline, and the section of Minot pipeline has .
been estimated as 15 months, permitting initial delivery of water
2 years after funds are approved for construction.
·
Preconstruction studies and construction of the second phase of the
fac!lities of Minot extension, which includes all facilities required to
deliver water from the Velva Canal of the Garrison diversion unit to
Livingston Reservoir and Minot pipeline, are scheduled to begin in
the third y~ar after completion date of the ground water system and be
completed m 4 years. Recreation and fish and wildlife use of the Livingston Reservoir would begin upon completion. This schedule would
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be subject to change as the initial water delivery would be goven:ied by
future water needs of the city and by progress on construction of
Garrison di version unit.
A construction schedule for first and second phase developments
follows this page.
Future use of ground water conveyance system.-As soon as the
second phase development has been placed in operation, the ground
water conveyance system would be placed on a standby basis, with the
full water needs of the city being met by better quality Missou!i River
water. The ground water system would be maintained for possible uses
during emergencies and to meet any unusual peak demands.
ECONOMIC AND FINANCIAL ANALYSES OF MODIFIED PLAN

The original plan of development of the Minot extension of Garrison diversion unit was found to be economically justified in the
report of July 1969. Benefits from municipal and industrial water and
recreation-fish and wildlife exceeded associated Federal project costs
by a ratio of 1.70 to 1. Financial feasibility was also demonstrated,
with payment of reimbursable costs allocated to munjciipal and industrial water and recreation-fish and wildlife functions to be assumed
by the city of Minot and the Garrison Diversion Conservancy District.
Although $660,000 of additional costs have been added, the economic analysis of the modified plan shows 'a more favorable benefitcost ratio of 1.93 to 1. This is principally because a smaller investment
in project works would be required to obtain equal municipal and industrial water benefits in the first years of project operation. A financial analysis of the modified plan shows that the Minot extension
would continue to have financial feasibility, although total repayment
requirements would be increased by the additional investment for the
ground water conveyance facilities.
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Benefits and costs
The 100-year period of 'a nalysis was assumed to begin with the first
year in which water would be available from the ground water conveyance facilities, which is the first phase of construction. Annual benefits for municipal and industriial water of $1,501,000, as determined
for the original plan, would apply to the modified p1'an.
Benefits for the recreation and fish and wildlife functions of the
Minot extension would not begin until completion of the second phase
of construction 6 years after completion of the first phase. Thus, these
benefits are discounted from those given in the original plan to reflect
this delay.
Annual equivalent costs for the modified plan reflect construction
costs of the first phase of development at the beginning of the period
of 'a nalysis ·a nd discounting of the deferred costs of the second phase.
Benefits and costs of the modified plan are compared with the
original plan in the tabulation following :
COMPARISON OF BENEFITS AND COSTS t
Item

Modified plan

Original plan

Benefits (annual) :
Municipal and industrial water__ __ ___ _________ ______________ _______ ___ __ __
Recreation _____ ________ ___________ ____ ____ _______ __ ______ __ _____ ___ ___ _
Fish and wildlife ________ ________________ ___ __ ______ _____ ____ ___ _________

$1,501,000
2104, 300
231,100

$1,501,000
141,800
41,500

Total, annual benefits _____ ________ ___ ____ ___ ____ _________ ___ __ ____ __ ___

1, 636,400

1,684,300

=========

Project investment:
1st phase :
Project costs _____ ______ ___________ ____________ _____ ____ ______ ___ __ _
Interest during construct.ion (I DC) _________ __ _,- _____ __ _______________ _
2d phase:
Project costs ____ ___ ____ __ _______ __ ____ ________ ______ _____ _____ __ ___
Interest during construction __ ____ __ __ ____ ____ _______ __ ______ _______ __
Assigned costs (including IDC) __ __ _____ ___ ____ __ ____ _____ ______ ___ __ __ ____
less preauthorization investigation costs (including I DC) __ _____ ______ ______ __

2,000,000}
74,000
10,830,000
834,000
4,815,000
-124, 000

12,250,000
929,000
4,815,000
-122, 000

- -18,509,000
-----17,872,000

Net project investment_ __ _____________ __ ______ _____ ___ __________ __ __ __

=========

Annual equivalent cost:
Net project investment_ ___ ___ __ _____ __ _____ _____ ______ ________ __ ____ ___ _
Annual operation, maintenance, and replacement:
Project_ ___ ____ ____________ _____ ___________ _____ ___ ___ ____________ _
Assigned ____ ___ __ _____ __ ___ ___ __ _____ __ ___ ___ __ ______ ___ ___ ____ ____

2752,400

878,800

275,000
20,000

91,700
20, 000

- - -847,400
- - - -990,500
--

Tota1, annual equivalent cost_ ____________ _______ _________ __ _____ __ _

=========
Benefit-cost ratios _____ __ ___________ _________________ - ________ - - -- -- -- -- -- -- 1. 70
1. 93
t 100-year period of analysis at interest rate of 4¼ percent. .
.. . .
.
.
2 Annual equivalent amounts reflect a deferment or construction of 2d-phase fac1ht1es in the lOQ-.year period of analysis.

0 ost allocation
The cost alloC'ation for the original plan was adjusted to include
the costs of the ground water conveyance system, which are separable
costs to municipal and industrial water. Interest during construction
(IDC) was adjusted to reflect the increase in total costs of Minot
extension and the change in the construction schedule for the Minot
pipeline. A reallocation of joint costs of the second phase was not made
for the purpose of this reµort, but some adiustments may be required
in the determination of fina l figures for Minot extension during the
preconstruction period.
A summary of the allocation of costs is given in the tabulation
following:
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SUMMARY OF COST ALLOCATIONS

1

Modified plan
1st phase

Item

M. & I. water :
Project cosL ___ __ __ __ __ ______ __ __ __ __ __ ____ ___ $2, 080, 000
IDC______ __ __ __ __ __ ____ ____ __ ______ __ __ ______ _
74, 000
O.M. & R. cost(annual) _____ _____________________
3,000
Recreation-fish and wildlife:
Project cost.____ ________ _____ _____ __ ______ _______ ______ __ ____
IDC ______ __ ___________ _______ __ __________ ____ ______ _____-____
O.M. & R. (annual>-- --------------------- ·- -------------------Total allocated cost:

2d phase

Total

Original
plan

$12, 699, 000
989, 000
65,500

$14,779, 000
1,063,000
68,500.

$14, 119, 000
1,078,000
65, 900

2,634, 000
157, 000
91,100

2,634,000
157, 000
91, 100

2,634, 000
163,000
91, 100

2, O~~: ~~~ lt m: ~~~

rJt~~~~~~~~~~================== ===== == =======

O.M. & R. cost(annual) __ __ ___ __ __ __________ ___ __

3,000

156, 600

17, 413,000
1, 220, 000
159,600

2

16,753,000
1,241, 000
157,000

2

1 100-year period of analysis at interest rate of 4½ percent.
2Interest during construction (IDC) is reduced in the modified plan because of the rescheduling of construction costs
for Minot pipeline; this offsets the increase in interest costs for the added facilities.

Repayment
The costs allocated to municipal and industrial water would be repayable to the United States through a contract as defined by the
Reclamation Project Act of 1939 ( 53 Stat. 1187) and the Water Supply Act of 1958 ( 62 Stat. 297) as amended by the Federal Water
Pollution Control Amendments of 1961 (75 Stat. 204). Costs allocated
to recreation-fish and wildlife would be repaid to the United States in
accordance with provisions of the Federal Water Project Recreation
Act (79 Stat. 213).
The repayment ·a nalysis employs an interest rate of 3.342 percent
for calculations of interest during construction and repayment of allocated reimbursable costs. The actual rate for contract purposes would
be the rate in force at the beginning of the fiscal year in which construction starts. The requirements for repayment of reimbursable costs
are shown in the tabulation following.
The type of contract or contracts for repayment of costs allocated
to municipal and industri al water and the parties involved would be
determined during contract negoti a.tions. The Garrison Diversion Conservancy District has expressed its desire to enter into a multiparty
contract with the city and United States through provisions of the
master contract for the Garrison diversion unit as it refers to repayment of allocated costs to M. & I. water, recreation, and fish and wildlife
enhancement facilities.
.
1

1

REIMBURSABLE AND NON REIMBURSABLE COSTS t
Modified plan
Costs
Reimbursable:
M. & I. water:
~ect and assigned _____ ____ _____ ____ ____ __

r6

Total investment__ _____ _________ ___ ___ _____ __ _

1st phase

2d phase

Total

Original
plan

$2, 080, 000
51,000

$12,699,000
760,000

$14, 779, 000
811 , 000

$14, 119, 000
822,000

2, 131 , 000

13. 459, 000

15,590,000,

14,941,000

Recreation-Fish and Wildlife:
Project and assigned. ___ _____ ___________ ___ __ _________ ___ _
IDC ________ ____ ____- - - - - - - - - _- - - __ - - ___ - • ___ - - - - _- - - - - - -

588,500
19,000

588,500
19, 000

588,500
18,900

Total investment__ _______ __________ __ __ ______ __________ _
Total reimbursable investment__ _____ ___ ___ _
2,131,000

607,500
14,066, 500

607,500
16, 197, 500

607,400
15, 548, 400

= ==== ======

Nonreimbursable:
Recreation-Fish and Wildlife:
Project and assigned ___ ____________________ ______________ _
IDC •• ________ ________ ____ ________________ ______ ___ ____ • _

2,045,500
104,000

Total nonr~mbursable investment. • • ____ ______ ___ ____ __ __
Total, reimbursable and nonreimbursable
investment.. _•• ____ __- ---- -- --- - -- - ____
2, 131, C,00

2,149, 500

2,149,500

2,153,600

16,216, 000

18,347,000

17,702,000

1. Interest

during construction (IDC) at interest rate of 3.342 percent.

2,045,500
104, 000

2,045,500
108, 100
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O.M. &

R. modified plan

Initial ·

Annual 0.M. & R.

Ultimate

O.M. & R.
original planUltimate

TotaL __ •• __ •• ____ • ___ • _•• _____ • ___________________________ • __ • ____ . .. _• .

2

157, 000

For standby service of Sundre pumping plant and pipeline ($2,600) and for part of Minot pipeline ($400).

A proposed method of repayment would involve execution of a single contract for the modified plan for Minot extension with two parts,
the first covering the first phase and the second part the second phase
of the project. Part I of the contract would ·p rovide for repayment of
project costs of $2,080,000 plus interest during construction at the rate
of 3."34!2 percent and would make provisions for assumption of all
operation, maintenance, and replacement costs. The estimated annual
payment on the investment cost would be $85,425.
Part II would provide for repayment of project and assigned costs
of $12,699,000 plus interest during construction and would make provisions for assumption of all operation, maintenance, and replacement
costs of the associated facilities. Under part II of the contract provisions of the Water Supply Act of 1958 permit deferment of interest
and principal payments on part of the repayment obligation when a
portion of the water supply facilities provided in the plan is for the
purpose of meeting future water demands. The amount that is deferred
under these provisions is 30 percent of the total investment cost of
$18,347,000, which amounts to $5,504,000.
Proposed water ·p ayout schedules for both parts I and II of the
repayment contract follow.
·
1

FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS

Findings and conclusions
My findings and conclusions from supplemental feasibility investigations of the ground-water conveyance system-are:
1. The water needs of the city of Minot have been critical for many
years and the threat of continuing shortages would justify immediate
measures to obtain ·a dditional ground water pending availability of
water from the Garrison diversio:Q_ unit.
2. The city of Minot and the State of North Dakota have recommended that the plan for Minot extension be modified by adding a
pipeline and pumping plant, -and that a part of the Minot pipe1rne
be constructed in advance of the remainder of the project. These facilities would be used to convey ground water to the city and would be a
first phase of construction of Minot extension.
3. The first phase development proposed has engineering feasibility,
and the adequacy of the new aquifer has been proven by tests made
by the State of North Dakota.
4. The modified plan of development has economic justification •a nd
financi·al feasibility. It is anticipated that the water users will enter
into required repayment commitments before construction is initiated.
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Recommendations
I recommend that :
1. The Minot extension plan as modified by the supplemental report
be approved ;
2. The modified plan for Minot extension, Garrison diversion unit,
Garrison division, Missouri River Basin project, be authorized for
construction, operation, and maintenance by the Secreta.r y of the Interior substantially as described in this report and the report of July
1969, with such modifications of, omissions from, or additions to the
works as the Secretary of the Interior may find proper and necessary,
and in accordance with Federal reclamation laws ( act of June 17,
1902, 32 Stat. 388, and acts amendatory thereof or supplementary
thereto) ; and
3. That construction of the first phase facilities, described· in this
supplemental report, be initiated as soon as possible.
H. E. ALDRICH.
PT. !.-MUNICIPAL AND INDUSTRIAL WATER PAYOUT SCHEDULE, MINOT EXTENSION, 1ST PHASE-GARRISON
DIVERSION UNIT
Annual revenues
Project year

(1)

o_____ __ _______________ ____
l_ ___ ------- -- -- ---- -- -----

2__ ___ ______ ---- ------ - - - - 3___ ___ _______ _____________
4____ ____________ _________ _

5______ ____________________

6__ ______ ___________ _______

7____ _---- ------------ ----8____ --------------- ------9__ ______ _------ -------- ---

10 ________________________
---- ------ ------ ---- - -lL
12
__________
-------------13 ___
________
_____________
14 ______ ______ __-- -- ------15 __ ____ -------- -- --------16 ____________ ______ _______

17 ___ _________ ---- ---- ----18 ___ ______________________
19 ___ ___ __ ____ _____________
20___ ___________ ----------21. ___________ ___ ___ _____ __
22 ______________ ---- -- ---- _
23 __ _______________ ___ ____ _
24 ________________ __ __ __ ___

25 __ __________________ _____
26 ______ __ ________ ---------

27 __________ -- -- ---- ------ _
28 ___________ _______ ___ ____
29 _____ __________ ____ ______

30 _______________ ______ ____
31.
_______ ------- - -- ------32 _________________________
33 __________ _______ ________
34 __ _______________________

35 ------------------------36 ------------------------37 ---- -- -- -- -- -- -- -- - - -- - - 38 ---- - - -- -- -- - --- -- - - - - -- 39 ______________ ---- ---- --40 ____________ ------ _----- _
41. _________ -------- ---- --42 _____ __ _______ ---- ---- --43 _________________________
44 _________________________
45 _________________________
46 _________________________

47 ______________ -----------

48 __ _______________________ .
49 __ _______________________

50 _________________________

Total __ __ . ___________

Investment

Payment

Interest 3.3420
percent

Principal

In service

Interest
bearing

(2)

(3)

(4)

(5)

(6)

$85,425
85, 425
85, 425
85,425
85, 425
85,425

0
$68, 363
67, 793
67, 204
66 , 595
65, 965

$85, 425
17, 062
17,632
18,221
18, 830
19,460

$2, 131 , 000
2, 131, 000
2, 131 , 000
2, 131, 000
2, 131 , 000
2, 131, 000

$2, 045, 575
2, 028, 513
2, 010, 881
l, 992 , 660
l , 973,830
1, 954,370

85,425
85,425
85,425
85,425
85, 425
85,425
85,425
85,425
85,425
85,425

65,315
64, 643
63,948
63, 231
62, 489
61 , 722
60,930
60, 112
59,266
58,391

85,425

57,488

85,425

85,425
85,425
85,425
85,425
85,425
85, 425
85,425
85,425
85,425
85,425
85, 425
85,425
85, 425
85, 425
85, 425
85, 425
85,425
85, 425
85, 425
85, 425
85, 425
85, 425
85, 425
85,425
85, 425
85, 425
85,375
0

56, 554
55,589
54, 592
53,562
52, 497
51,397
50,259
49, 084
47,870
46,615
45,318
43,977
42, 592
41,160
39,681
38, 152
36,573
34,940
33,253
31,509
29, 707
27,845
25, 921
23,932
21,877
19, 753
17,559
15, 290
12, 947
10, 524
8,021
5,434
2,761
0

4, 271,200

2, 140,200

85,425

85,425
85,425

85,425
85, 425

20,110
20, 782
21,477
22,194
22,936
23, 703
24,495
25, 313
26,159
27, 034
27,937
28, 871
29,836
30,833
31,863
32, 928
34,028
35,166
36, 341
37, 555
38,810
40, 107
41,448
42, 833
44,265
45, 744
47,273
48,852
50,485
52, 172
53,916
55, 718
57, 580
59, 504
61 , 493
63, 548
65, 672
67, 866
70, 135
72,478
74,901
77,404
79, 991
82,614
0

2, 131 , 000
2, 131 , 000
2, 131, 000
2, 131, 000
2, 131, 000
2, 131, 000
2, 131, 000
2, 131, 000
2, 131, 000
2, 131, 000
2, 131, 000
2, 131, 000
2, 131 , 000
2, 131, 000
2, 131, 000
2, 131, 000
2, 131, 000
2, 131 , 000
2, 131,000
2, 131, 000
2,131,000
2,131,000
2,131,000
2,131 , 000
2,131 , 000
2,131 , 000
2, 131 , 000
4, 131,000
2,131,000
2,131,000
2,131,000
2,131 , 000
2,131,000
2,131,000
2,131,000
2,131,000
2,131 , 000
2, 131,000
2,131,000
2, 131,000
2,131,000
2, 131,000
2, 131,000
2,131,000
0

l , 934,260
1,913,478
1, 892, 001
1, 869,807
1,846,871
l , 823, 168
1,798,673
l , 773,360
1,747,201
1,720, 167
1, 692,230
1,663,359
1,633,523
1,602,690
1,570,827
1,537,899
1,503,871
1,468, 705
1,432,364
l, 394,809
1,355,999
1, 315,892
1,274, 444
1,231,611
1,187,346
1,141,602
1,094,329
1,045, 477
994, 992
942,820
888,904
833, 186
775,606
716, 102
654, 609
591 , 061
525,389
457 , 523
387,388
314,910
240,009
162,605
82,614
0
0

2,131,000 ----------- ---------------------
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PT. IL-MUNICIPAL ANO INDUSTRIAL WATER PAYOUT SCHEDULE, MINOT EXTENSION, 20 PHASEGARRISON DIVERSION UNIT
Investment

Annual revenues
Project year
(1)

o_------------------------

l _ - - - -- -- -- - - -- -- -- ---- - - 2_ -----------------------3_ -----------------------4_ -----------------------5. -----------------------6_ - ----------------------7.• - ---------------------8. -- ----- ------------ ----9_ -----------------------10. ----------------------11 _ - - -- -- ---- -- ---- -- -- - -12 ___ ---------------- -- -- _
13_. ----- ---- ------ ------14_. ------------- ------ --15. _ ---------------------16 __ ------- ------ --------17 __ ---------------------18. _ ---------------------19 __ --- ---- ---- -- ---- --- -20 ___ ---- -------- --------21. _ -- ----- ------ ------ --22_. _-- ------ -------- ----23 __
__ ---- _---. _____________
-- ----------24
________

25 ___ --- --- ------ ------ -- _
26 ______ --- _-- -- __ -- -- -- -- _
27 ___ . ____ . _____________ ___
28 _________________________
29 _________________________
30 ____ --- _-- -- ---- ---- -- ___
31-•• ---------------------32 __________ -------------- _
33 ____ -- -- -- -- ____ -- -- _--- _
34
-- -- __ --. ---- _-- __ -- _
35 ____
___________
_____________
36____ -- ---- -- -- -- -- -- -- -- _
37
_-- ---- -- __ -- ---- -- --38 --_________________________
39 ______ . -----------------40 ____ ----- _-- -- ---- __ -- ___
41_ ________________________
42
----- --. __
---- -- __ -- _
43 ____
______
. ____
_____________
44 ____________ ------------ _

45 ______ -------- ----------46 ____________ -- ---------- _
47 ______________ ----------48 ___ __ . __________ . ________
49 ___ ______________________

50 ____ --- --- -- -- -- ____ -- -- _
Total ________________

Interest ·
bearing

Payment

Interest 3.3420
percent

Principal

In service

(2)

(3)

(4)

(5)

(6)

$303, 145
314,314
325, 482
337,927
347, 819
358, 988
370, 156
379, 729
390,259
399,513
409,724
418,659
429, 190
438, 124
446,740
456 , 632
466, 205
475, 459
485,032
494,605
503,540
513,432
521,728
531 , 302
539,917
549, 490
558,744
567, 679
576,614
585,548
595,122
608,843
612,672
621,288
630,222
639,476
648,730
657,346
665,962
674,896
683, 831
693, 723
693, 723
693, 723
693,723
693,723
693,723
693,723
693,723
653,714
0

0
$255,725
253, 767
251,370
248,478
245 , 158
241. 353
237,049
232, 280
227, 001
221,235
398,880
398,219
397, 184
395,815
394, 113
392, 024
389,545
386,674
383,387
379,670
375,530
370,921
365, 881
360, 353
354,352
347,830
340,782
333, 199
325, 064
316,358
307,042

$303, 145
58,589
71 , 715
86,557
99,341
113, 830
128,803
142,680
157,979
172, 512

$7,955,000
7,955,000
7,955,000
7,955,000
7,955,000
7,955,000
7,955,000
7,955,000
7,955,000
7,955,000
13,459,000
13,459, 000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459, 000
13,459,000
13,459,000
13,459, 000
13,459, 000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459,000
13,459, 000
13,459,000
13,459,000
13,459,000
0

$7,651,855
7,593,266
7,521,551

26,737,582

13,278,582

296, 956
286,405

275,213
263,348
250,778
237,479
223,447
208,658
193,076
176,675
159, 396
141,538
123,084
104, 014
84, 306
63, 939
42,891
21, 140
0

188,489

19,779
30,971
40, 940
50,925
62,519
74,181
85,914
98,358
111 , 218
123,870
137,902
150,807
165,421
179,564
195, 138
210,914
226,897
243,415
260,484
278,764
301,801
315,716
334,883

355,009
376,128
397,952
419,867
442, 515
466,238
490,755
517, 048
534,327
552, 185
570,639
589,709
609,417
629, 784
650,832
632,574
0

7,434,994

7,335,653
7,221,823
7,093,020
6,950,340
6,792,361
6,619,849

11,935,359
11,915,580
11,884,609
11,843, 669

11, 792, 744
11,730,225
11,656,044
11,570, 130
11,471,772
11,360,554
11,236,684
11,098,782
10,947,975
10,782, 554
10,602,990
10,407,852
10,196,938
9,970,041
9, 726,626
9,466,142

9,187,378
8,885,577
8,569, 861
8,234,978
7,879,969

7,503,841
7,105,889
6,686,022
6,243,507
5,777,269
5,286,514
4,769,466

4, 235,139

3,682,954

3,112,315
2,522,606
1,913, 189
1,283,405
632, 57~
0

13,459,000 ___ -- -- -- ---- -- __ -- __ -- -- -- -- ---
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PROPOSED REPORT OF BUREAU OF RECLAMATION
DEPARTMENT OF THE INTERIOR,
BUREAU OF RECLAMATION,

Washington, D.O., September 11, 1969.
The SECRETARY OF THE INTERIOR.
Sm : This is my proposed report on the Minot extension, Garrison
diversion unit, Missouri River Ba.sin project, N. Dak. It is based upon
and includes the attached July 1969 report of our Regional Director:.,
which sets forth the ·p roposed plan of development and findings of
engineering feasibility and economic justification. Appended to the
Regional Director's report are statements or reports prepared by the
cooperating agencies which include the Bureau of Outdoor Recreation,
Bureau of Sport Fisheries and Wildlife, Bureau of Mines, and the Federal Water Pollution Control Administration of this Department, and
the Public Health Service, Department of H., E., and W.
The feasibility investigation of the Minot extension of the Garrison
diversion unit was authorized by Public Law 90-254 ( 82 Stat. 5), February 13, 1968. The attached report has been prepared pursuant to the
Federal reclamation laws ( Act of June 17, 1902, 32 Stat. 388) and acts
amendatory thereof or supplementary thereto.
The principal objective of the plan of development for the Minot
extension of the Garrison di version unit is to provide a dependable supply of good quality water to meet the immediate and long-rarLge
municipal and industrial requirements of the city of Minot in northcentral North Dakota. The pPoposed development also will serve outdoor recreation and fish and wildlife enhancement functions. Development of hydroelectric power in connection with the extension would
not be economically feasible.
.
The city of Minot has had a public water supply since the late 1800's
obtaining water from wells and the Souris River. Ground-water supplies to the city system are limited and require expensive chemical
treatment before use. The quality of the water taken from the Souris
River for municipal use could be classified as adequate at most times,
but the supply is not dependable. Minot has grown 50 percent in population since 1950, is expected to double by the year 2000, and would exceed by over two and one-half times its 1966 population of 33,000 by
the year 2020. The expected increase in •p opulation and water use, declining ground-water levels, and seasonal low flows of the Souris
River have caused the city to seek a more adequate supply for its municipal and industrial water needs.
As a major water customer of the city of Minot, the U.S. Air Force
receives service for the Minot Air Force Base, about 12 miles north of
the city, and for John Moses Hospital, an Air Force Hospital within
the ci~y. Minot Air Force Base and John Moses Hospital are strategic
posts m the national defense system ; the air base serves Strategic Air
Command and Air Defense Command functions. Industry in the Minot
~rea consists principally of processing of dairy products, meat packmg, and the manufacture of concrete products. Most of these industries
receiye their '.w~ter supply from the city system.
With declmmg ground-water levels and low seasonal flows in the
So~ris _River, the city has employed several temporary methods to
mamtam an adequate water supply. Three of these interim measures,
water rationing, artificial recharging of the underground aquifer, and
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purchasing water from Lake Darling ( a facility op~rated _by the U.S.
Fish and Wildlife Service), have been successful m avo1d]}lg emergencr situations, but they cannot be considered to be a solution to the
prob em.
C
. . . .
. .
'f
The North Dakota State Water omm.1ss10n 1s mvest1gatmg aqm ers
southeast of Minot on the Souris River as an interim supply until a
more dependable source is made available. Development of a suitable
ground-water supply does not appear to offer more than an interim
solution to Minot's municipal and industrial water needs because
of limited yield capacity, excessive pumping depths, and quality
problems.
Importation of Missouri River water is found to be the best answer
to the city's water supply problems. In anticipation of securing such a
supply, the city has completed a modern water treatment plant of
sufficient capacity for future ·g rowth and expansion.
The Garrison diversion unit was authorized as part of the Missouri
River Basin project by Public Law 89-108 (79 Stat. 433, August 5,
1965). Municipal and industrial water service is included as one of the
purposes of the unit. Costs of the unit were allocated to the total municipal and industrial water function, with plans for use to be developed
during construction ·of the unit. Future water service to ·the city of
Minot was contemplated in the authorized plan of development.
Water for the Garrison diversion unit will first be pumped from
Lake Sakakawea (the reservoir impoundment behind Garrison Dam)
to Audubon Lake, a subimpoundrnent of the lake. Water stored in
Audubon Lake would flow by gravity through the McClusky Canal to
Lonetree Reservoir. Water would be released from Lonetree Reservoir
through Wintering Dam to the Velva Canal which would supply irrigation water to the 12,200-acre Karlsruhe area en route to the 103,800acre Middle Souris area north and east of the city of Minot. After
crossing the Souris River Valley, Velva Canal would reach a point
that is about 10 miles from Minot where the water would be diverted
from the city's municipal and industrial water supply. Of total annual
diversions of 346,570 acre-feet from Lonetree Reservoir under the initial stage of Garrison di version unit, the Minot extension ultimately
would require 22,953 acre-feet. Water would be available for the Minot
extension at times when the full capacity of the canal was not being
used for irrigation.
Under the proposed plan for the extension, water of the Garrison
diversion unit would be pumped from the Velva Canal and conveyed
about 3.7 miles by the Livingston pipeline to a steel tank regulating
reservoir from where it would be pumplifted and conveyed ·rubout 5.7
miles by the pipeline to the Livingston Reservoir, where it would be
stored and regulated. Livingston Reservoir, with a conservation storage capacity of 9,970 acre--feet and a water surface area of 1,200 acres,
3:lso would provide outdoor recreation opportunities and fish ·a nd wildlife enhancement. Water would be released from the reservoir into the
Minot pipeline for delivery to the city's existing water treatment plant.
The plant is of modern design and is capable of treating 18 million
gallons of water daily. This capacity should be adequate for the projected water use of the city until about 1980. The plant provides chlorination; disinfection; taste, odor, and color control ; lime softening;
and fluoridation treatment.
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Hydrologic studies indicate that the facilities proposed for the
Minot extension in conjunction with those authorized for construction
:for the Garrison unit could supply the city of Minot with its municipal
and industrial needs through the design year 2020 with no shortages.
Based on population projections, the municipal and industrial water
requirements are expected to increase to 7,200 acre-feet in 1974 and to
21,740 ·a cre-feet by the year 2020. The average annual diversion from
the Velva Canal into Livingston Reservoir to satisfy these demands
would increase from an estimated 9,180 acre-feet in 1974 to 22,953 -acrefeet by the year 2020.
Missouri River water delivered from the Minot extension of the Garrison diversion unit would completely replace the present municipal
and industrial supplies for Minot. Souris River water and well water
would be used only on a standby basis. No local inflow to Livingston
Reservoir from Livingston Creek would be relied upon for meeting the
conservation needs imposed on the reservoir.
Minot's water treatment costs are high because of the hardness and
quality characteristics of its existing water supply. Ground water
from the city's main wells has a total dissolved solids (TDS) content
of about 915 parts per million (p.p.m.) with total hardness (asCaCo3)
of about 410 p.p.m. Water taken from the Souris River has an average
TDS content of about 780 p.p.m. but may rise above 1,500 p.p.m. during
low flow periods. It is estimated that the TDS content of the water
supply provided by the Minot extension will be about 540 p.p.m. The
cost for chemical treatment of water would be reduced from about 6
cents, for the present supply, to about 4 cents per 1,000 gallons. Other
chemical quality characteristics would also be improved.
As recommended by the Bureau of Outdoor Recreation, facilities
for water-oriented recreation would be provided at Livingston Reservoir as outlined in its report and would be in accord with the North
Dakota State comprehensive outdoor recreation plan. An initialstage development of the recreation facilities, including land ·acquisition, for use during the first 10 years of project operation is estimated
to cost $498,000. The remaining facilities for optimum development
from the 11th through the 35th year of operation are estimated to cost
$679,000. The benefits to be derived from general recreation development have been evaluated at $141,800 on an annual equivalent basis.
Prior to construction of the dam and reservoir, the ·National Park
Service will be given opportunity to investigate the historical and
archeological values in the area.
The Bureau of Sport Fisheries and Wildlife recommends that reasonable public use be permitted at Livingston Reservoir, even though
its primary purpose is municipal water supply. Under the proposed
plan of operation, the reservoir would provide a substantial fishery.
The annual benefits to be realized from the recommended fishery
enhancement measures have been evaluated to be $41,500. The reservoir
area does not exhibit potential for expansion of public hunting facilities because of its proximity to an expanding metropolitan area. However, natural habitat areas inundated by the reservoir would be
replaced by planned habitat plantings at an estimated cost of $4,000.
The Bureau of Mines reports that co·n struction of Livingston Dam
and Reservoir would not adversely affect anv future petroleum or
mineral exploration and development in the vicinity.
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The Federal Water Pollution Control Administration finds that the
proposed development would not affect the quality of water in the
area and that the city has adequate waste stabili~ation lagoon fac~lities for sewage treatment which are presently m compliance with
approved water 9.uality standards. Also, the city has plans for expansion of these facilities to keep pace with the population increase. There
would be no need to release reservoir water for assimilation of the
city's wastes. The plan of development complies with Executive Order·
No. 11288 which prescribes regulations concerning the re1'ationship of
Federal projects upon water quality standards.
The U.S. Public Health Service advises that the proposed plan of
development is satisfactory to it and the North Dakota State Department of Health. As recommended by the Service, procedures and
practices for public health safeguards ·a gainst vector-borne diseases
will be given full consideration in the design, construction, operation,
'8.lld maintenance of the extension.
The Livingston Creek watershed covers only 19 square miles and
there is no evidence of damage from past floods. As existing and potential developments in areas along Livingston Creek below the reservoir
would not be endangered by maximum runoff from the watershed, no
provision is made for incorporating flood control as a function of
Livingston Dam and Reservoir. Also, no problems are foreseen in respect to compliance with Executive Order No. 11296 prescribing regu,.
lations concerning the relationship of Federal projects to flood
hazards. The Corps of Engineers recently completed a review survey
of the Souris River for flood control. The St. Paul district engineer
advises that the proposed extension would not conflict with flood·
damage reduction measures recommended in the Corps' survey report.
The construction schedule for the Minot extension would be dependent on the date on which water would be available in the Velva Canal.
Construction of Snake Creek pumping plant of the Garrison diversion
unit was initiated in 1968. Construction of McClusky Canal, Lonetree
Dam and Reservoir, and the Velva Canal have been scheduled to provide water for irrigation and municipal and industrial uses at the
earliest practicable date.
The total estimated project cost of the Minot extension is $16,753,000, based on January 1969 price levels, which includes the estimated
construction cost of $12,250,000 and the assigned municipal and industrial water supply costs ($4,503,000) of the Garrison diversion unit.
Interest during construction would add $1,241,000, making the total
investment $17,994,000. Operation, maintenance, and replacement costs
are estimated at $157,000 annually.
The estimated investment and operation, maintenance, and replacement costs are tentatively allocated by the separable costs-remaining
benefits method for economic analysis as follows:
1

Project and
assigned costs

Interest during
construction
(4¾ percent)

Total

Ultimate annual
O.M. & R. costs

Municipal and industrial water _______________
Recreation, fish and wildlife __________________

$14,119,000
2, 634,000

$1,078, 000
163,000

$15, 197,000
2,797,000

$65,900
91, 100

TotaL __________ -- ____ -- -- -- ---- --- --

16,753,000

l, 241,000

17,994,000

157,000

Function

2-4
The annual costs of the Minot extension for economic analysis,
which includes the annual equivalent of the net project investment
(total investment less preauthorization investigation costs) and the
annual operation, maintenance, and replacement costs, have been
computed to be $990,500.
The annual benefits to be derived from the municipal and industrial
water supply function have been evaluated to be $1,501,000. As previously indicated the annual benefits expected to be derived from outdoor recreation have been evaluated to be $141,800 and from fish and
wildlife enhancement to be $41,500. The ratio of the total evaluated
annual benefits ($1,684,300) to the estimated annual costs ($990,500)
for a 100-year period of analysis at a 43/s-percent interest rate is 1.7
to 1.
The total project and assigned costs, including $822,000 interest
( current rate of 3.342 percent for repayment purposes) during construction, allocated to municipal and industrial water supply ($14,941,000) would be reimbursable by the city of Minot with interest within
50-years as required by Reclamation law and policy, except that interest on $5,311,000, which represents 30 percent of the total investment
($17,702,000), would not be charged for a period of 10 years from the
first year water is used, as provided by the Water Supply Act of 1958
(72 Stat. 297). The remaining $9,630,000 of the reimbursable municipal and industrial water supply costs ($14,941,000) would be repayable and bear interest initially. Based on projected usage, a constant
charge of $41.11 per acre-foot (12 ..6 cents per 1,000 gallons) would be
required to repay the total project investment allocated to municipal
and industrial water supply. In addition, the estimated annual operation, maintenance, and replacement cost of $53,000 initially and $65,900
ultimately would. be reimbursable. The city has advised that it is prepared to assume the financial obligation necessary to obtain the water
supply.
As provided by the Federal Water Project Recreation Act, $607,400
( representing one-half of the separable costs allocated to outdoor
recreation and fish and wildlife enhancement including $18,900 interest
during construction) with interest and all of the separable annual
operation, maintenance, and replacement costs estimated at $86,000
d~ring the ultimate stage of development would be repaid by a nonFederal pubiic body. By letter dated July 18, 1969, the Garrison
Diversion ·c onservancy .I)istrict ·indicated its intent to agree to bear
these costs and to administer the land and water areas for outdoor
recreation and .fish and wildlife enh_ancement as required by the act.
Such an agreement would be prerequisite to commencement of construction of the unit. The· remainmg project and assigned costs
($2,045,500) allocated to those functions, consisting of one-half of the
separable costs ·a nd all of the joint costs allocated to outdoor recreation
and fish and wildlife enhancement would be Federal costs and would
be nonreimbursable as provided by the act. The estimated nonreimbursable annual .o perat_ion, maintenance, and replacement costs allocated
to those.purposes are $5,100.
Advance planning activities and construction of the facilities for
the Minot extension would require about 3 years to complete with
initial stage recr_eation and fish and wildlife facilities scheduled for
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completion one-half year later. The initial water supply would become
available to the city after pump tests and reservoir filling had taken
place near the end of the third year of construction.
The construction of Minot extension represents a desirable water
resource development that would result in economic and social gains
for the area, the State, and the Nation. An adequate water supply
would enhance the industrial and population growth of the city of
Minot and provide further economic and social impacts to the local
trade area and the State of North Dakota. The development is vital
to the Minot Air Force Base and to the accomplishment of the Air
Force objectives. Optimuni use of recreation and fish and wildlife
facilities at the proposed Livingston Reservoir would provide substantial benefits to the local community and surrounding area.
The proposed development _is engineeringly feasible and economically justified in that the benefit-cost ratio is 1.7 to 1. I therefore concur in and adopt the recommendations of the regional director as set
forth on pages 78 and 79 of his attached report.
I recommend that you approve and adopt this report ,as your proposed feasibility report on the "Minot Extension, Gar-rision Diversion
Unit, Missouri River Basin Project, North Dakota," and-that you or
those authorized on your behalf, including the Commissioner of Reclamation, transmit copies to the •S tates of the Missouri River Basin, to
the Secretary of the Army, and to the interested Federal agencies for
review as required by the Flood Control Act of 1944 ( 58 Stat. 887),
the Fish and Wildlife Coordination Act ( 48 Stat. 401 as amended),
the procedures approved by the President on May 15, 1962 (S.D. 97,
87th Cong.), and the Water Resources Council Handbook of June
1969 for coordination of planning studies and reports.
Respectfully,
G. G. STAMM, Acting Oom;missioner.
Approved and adopted September 19, 1969.
JAMES R. SMITH,
Assistant Secretary of the Interior.
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Aerial view of main business district, city of Minot, North Dakota.

SUMMARY SHEETS

Minot Extension, Garrison Diversion Unit, North Dakota
GARRISON DIVISION' MISSOURI RIVER B ASIN PROJECT
LOCATION

The Minot extension of the Garrison diversion unit is located east of
the Souris River at the city of Minot in Ward County of north central
North Dakota.
AUTHORITY

A feasibility investigation of Minot extension of the Garrison diversion unit was authorized by the Congress on February 13, 1968 ( 82
Stat. 5). Garrison diversion unit was initially authorized by the Flood
Control Act of 1944 (58 Stat. 887) as a part of the Missouri River
Basin project and was reauthorized by the Congress on August 5, 1965
( 79 Stat. 433) .
PLAN OF DEVELOPMENT

The plan of development provides for diversion of 22,953 acre-feet
of Missouri River water through Garrison diversion unit facilities for
municipal and industrial use in year 2020 by the city of Minot ( 1966
population : 33,000) and for fish and wildlife enhancement and recreation purposes.
Principal supply works of Minot extension would include two pumping plants lifting water from Velva Canal of the Garrison diversion
unit through a pipeline to a regulating reservoir on Livingston
Creek from which water would be conveyed by pipeline to Minot's
water treatment plant.
Project and assigned costs (January 1969 prices)
Minot Pumping Plant No. L __ _______ ___ ________________ _____ _
Minot Pumping Plant No. 2 __ __ ___ _______ ____ ______ _____ _____ _
Livingston Pipeline ________ __ _______ __ _______________________ _
Livingston Dam and Reservoir __ ______________ __ ______________ _
Minot pipeline ___ __ __ _____ ___ __ ___ ___ ______ __ ___ ____ ____ ___ _ _
Fish and wildlife (mitigation) ___ _____ _____ ___ ___ __ __ ___ ____ ____
Recreation (enhancement) ____ _____ ____ _________ ________ ___ __ __

$1,200,000
630,000
2,670,000
4,779,000
1,790,000
4,000
1,177,000

Total project costs _____ __ ____ ____ ___ ___ ____ ___ ___ _____ __ 12,250,000
Assigned costs-Garrison Diversion Unit_ __ _____ _____ ____ __ ___ __ 4, 503, 000
Total project and assigned costs __ _______ __ _____ ________ :__ 16,753,000
Less assigned costs____ __ ___ __________ ____ __ __ ____ ________ __ ___ 4, 503, 000
Less Federal preauthorization investigation costs_ ______________ __
109,000
Costs to complete ____ _______ _____ ______ ______ ___ ______ _ 12,141,000
(29)
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OPERATION, MAINTENANCE, AND REPLACEMENT COSTS (ULTIMATE)

Purpose

Non-Federal

Federal nonreimbursable

Total

Municipal and industrial water________ ___ ____ __ __ ______ __ _____
$65,900
0
$65,900
Recreation, fish and wildlife:
Joint. ___ _________ ___ ___ ____ ____ ____ ___ ___ __________ __ _
5,100
0
$5, IO~
Separable____ ___ __ ___ ____ ___ ____ ____ __ ___ ___ __ ______ __ _
86, 000
86,000
Total. __ ____ _________·___ ____ ____ __ ____ ______ _________- - - - - - - - - - - - -5,100
- 1 5 - 7 - ,-00-0
151,900

BENEFITS AND COSTS

Benefits and costs were analyzed for a 100-year period with an interest rate of 4% percent.
Item

Annual

Benefits (annual):
equivalent
Municipal and industrial water __________ ____ _______________ $1,501,000
Recreation-fish and wildlife_________________________ ________
183,300
Total benefits __________ ___ ________________________ ____ _ 1,684,300
Costs:
Total:
Project costs ________________________________________ _ 12, 250, 000
Interest during construction __________________________ _
929,000
Less preauthorization investigations (including $13,000
interest during construction) ________________________ _
122, 000
Assigned costs (including $312,000 interest during construction) 4,815,000
Net project investment ______________________________ 17,872,000
Annual equivalent:
Net project investment _____________________ __________ _
Annual
operation,
maintenance
and replacement costs:____ _
Project
_____ _____
___________________________
Assigned ___________________________ __ __________ _
Total annual cost ___ _____________ ______ ____________ _
Benefit-cost ratio, 1. 70.

878,800
91,700
20,000
990,500

COST ALLOCATION

and
assigned

Project

Interest
during
construction 1

Total
investment

Municipal and industrial water_ ___ ____ ________ __ $14,119,000
Recreation-fish and wildlife_______ _____ __ ___ ____
2,634,000

$1,078,000
163,000

$15,197,000
2,797,000

Purpose

---------------TotaI costs.____________ ____ ___ ___ ______ 16,753,000
1,241,000
17,994,000

1

Ultimate
annual
O.M. & R.

$65,900

91,100

157,000

Interest durini construction computed at 4Ys-percent rate.
REIMBURSABILITY OF COSTS AND REVENUE SOURCES FOR PAYMENT

Source and purpose

Project and
Interest
assigned
during
costs construction 1

Repa~ment of reimbursable costs:
. & I. water-Minot__ ____________ $14,119,000
Recreation-fish and wildlife- non588, 500
Federal public body_ .- - ----·--- ·
Federal nonreimbursable costs : Recreation-fish and wildlife ______ _______ ___
2, 045, 500
Total ____ • __ ._ . ____ •• _________ _ 16, 753,000
1 Interest

Annual O.M. & R.
Total
investment

Initial

Ultimate

$822,000

$14,941,000

$53,000

$65,900

18,900

607,400

26,000

86,000

2, 153,600

5,100

5,106

17,702,000

84,100

157,000

108, 100

949,000

during construction computed at 3.342 percent rate of interest
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POWER AND ENERGY REQUIREMENTS

Electrical energy £or pumping could be obtained from the Missouri
River Basin power system. Average annual requirements would beEnergy-kilowatt-hours:
Initial ___________________________________________ ________ _ 2,285,000
Ultimate _____________________________________________ ___ _ 5, 714, 000
Demand-kilowatts:
Initial ___________________________________________________ _
1,604
Ultimate ________________________________________________ _
1,604

Minot extension features
Livingston Dam (earthfill):
Crest length (feet) _________ _____ __________________ ______ __ _
Height (feet) _____________________________________________ _
Livingston Reservoir:
Total storage capacity (acre-feet) ___________________________ _
Area (acres) ____________________________ _____ ____________ _

2,570
64
10, 350
1,200

MINOT PUMPING PLANTS

No.
l_ __ - - -- • -- ------ --- --- .• -- • ----- -- -- • - -- -- -- -----

2 ____ - ·--- ------ --- . -- -- ------ -- -- ---- -- -- ·-··· --- -

Number
of units

Total nominal
capacity
(cubic feet
per second)

Horsepower

Rated head
(in feet)

5
5

78
78

1,400
800

104
66

Size
(inches)

Capacity
(cubic feet
per second)

Length
(miles)

51
51-48

78

9.4
4. 7

PIPELINES

Single line

Type

Livingston ____ • ___ ___________ __ •. __ • Concrete ____ __ ____ •• ________ •
Minot. ____________ ... • ________ •.• _______ do ______ •. __ • ___________ _

75

WATER REQUIREMENTS (YEAR 2020)
Acre-feet
From Garrison diversion unit_. _____ _____________________ .•.• ______________ ...
From Livingston Reservoir _________________________________ .• __ • ____ __ ______ ._

22,953

21,740

Million gallons
7,479

7,084
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Billings, Mont., July 1969.
To: Commissioner.
From : Regional Dire~or, Billings, Mont..
.
.
.
Subject: Report on Mmot extens1on-Garr1son d1vers10n mnt , North
Dakota, Garrison division-Missouri River Basin project.
PART I-TRANSMITTAL

Transmitted herewith is my report setting forth a plan of development of the Minot extension of the Garrison diversion unit, Missouri
River Basin project. The plan provides for diversion of water from
facilities, m1der construction, of the authorized Garrison diversion
unit and conveying it to the city of Minot, N. Dak. (population
33,000), for municipal and industrial uses, including service to the
:Minot Air Force Base. Future water service to the city at the point of
diversion was contemplated in the Garrison diversion unit plan of
development.
The present water supply of the city of Minot, obtained from wells
and the Souris River, is inadequate to meet current requirements and
has no assured development potential to meet 1ong-term requirements.
Shortages are incurred almost every year and result in restrictions of
water use. Development of the Minot extension would replace Minot's
present water supply and would satisfy their estimated water needs
until the year 2020.
The plan of development is multipurpose in scope, serving recreation and fish and wildlife functions as well as providing municipal and
industrial water.
This report is transmitted as the basis for securing congressional
authorization of the potential project, which has been found to be
economically justified-and financially feasible.
AUTHORITY

A feasibility investigation of the Minot extension of the Garrison
diversion unit was authorized by the Congress on February 13, 1968
(82 Stat. 5). The Garrison diversion unit was initially authorized by
the Flood Control Act of 1944 ( 58 Stat. 8'87) as a part of .the Missouri
River Basin project and was reauthorized by the Congress on August 5,
1965 ( 79 Stat. 433) .
PLAN OF DEVELOPMENT

. Under the recommended Minot extension plan, water from Garrison diversion unit would be diverted from the Velva Canal and
conveyed by pipeline to a regulating reservoir ·f or storage and for
recreation and fish and wildlife uses. W a:ter would be released from
the reservoir into a pipeline which would supply the existing water
treatment plant of the city of Minot.
Principal supply works, which are scheduled for Federal construction within the plan of development, include:
1. Two ·pumping stations, one of which would be located on
Velva Canal and one about 3.7 miles from Velva Canal on Livingston pipeline·.
2. Livingston pipeline, 9.4 miles in length, from Velva Canal
to Livingston Reservoir.
46-281 0-70-4
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3. Livingston Dam, about 2 miles from the city of Minot, forming a reservoir with 9,970 acre-feet of conservation storage and
a surface ·a rea of 1,200 'acres.
4. Minot pipeline, 4.7 miles in length, from Livingston Reservoir to the city's water treatment plant.
5. Recreation development on the shoreline of Livingston Reservoir, adequate for optimum recreation use of the reservoir.
Inclusion of the pipeline system necessary to deliver water from
Livingston Reservoir to the water treatment plant has been found to
be justifiable on the basis of the need for coordinating construction of
the single-purpose pipeline with construction of the multiple-purpose
facilities of Minot extension. This coordination would be accomplished
-through the use of one contracting and financing agency. Also, the existence of unusual circumstances (particu1'arly the major flood disaster
in the spring of 1969 and the need for urban renewal) causing private
financing to be impractical ·a nd possibly infeasible at this time justifies
inclusion of the single-purpose pipeline as ·a part of the Federal project.
The city of Minot has adequate water treatment 'a nd distribution
facilities to meet current reqmrements and growth for several years.
It is expected that additions or enlargements of these facilities would
be provided in the future to meet increased requirements.
Initiation of construction of the Minot extension would be dependent
on the date on which water would be availiable from the Velva Canal.
Principal supply facilities of the Garrison diversion unit which would
serve Velva Canal are now under construction.
1

1
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COSTS AND BENEFITS

The following tabulation gives a summary of annual benefits, estimated costs for allocation, repayment of reimbursable costs, and computed benefit-cost ratio :
Annual project benefits:
Municipal and industrial (M. & I.) water __ ________ ________ _
Recreation _____ ___ ___ _______ __ _______________ ___ ____ ___ _
Fish and wildlife enhancement _ ___ __ ___ ___ _____ __ ___ _____ _

$1,501,000
141,800
41,500

Total annual benefit s ____ ________ ___________ _______ __ _ _

1,684,300

Project and assigned costs:
Total Federal money needed to complete project _______ ____ _
Money expended for preauthorization investiga tions ____ _____
Assigned costs from Garrison Diversion Unit ____ ________ __ _ _

12,141,000
109,000
4,503,000

Total proj ect and assigned costs ___________ __ ___________ _

16,753,000

Amount

COST ALLOCATION

Item

M.
& I. water
-------------------- -----__________
- -------Recreation,
fish
and wildlife ____________
Total_ ______ _____________________ ________

Project and
Interest
assigned
during
costs construction

$14, 119, 000 $1,078,000
2,634, 000
163, 000

Annual O.M. & R.
Total

Initial

Ultimate

$15, 197, 000 --- --- - - -2, 797, 000 ____ -- _- --

$65, 900
91,100

17,994,000 - - ------- -

157, 000

16,753, 000

1, 241 , 000

14, 119, 000

822,000

14, 941,000

$53,000

65,900

588, 500

18,900

607, 400

26,000

86, 000

REI MBURSABI LITY OF COSTS
Reimbursable costs :
M. & I. water- Minot_ ___________ __________ _
Recreation, fish and wildlife-non-Federal publie body ____________ ______ -- - ----- - - -- - - - Federal
nonreimbursable: Recreation,
fish and
wildlife ___________________________
______
_________
Total_ ____ ______________________ ___ __ ___ _

2, 045, 500

108, 100

2, 153, 600

5, 100

5, 100

16,753, 000

949, 000

17,702,000

84, 100

157, 000
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Benefit-cost ratio:
Amount
Annual benefits _____________________________________________ $1,684,300
Annual equivalent costs_____________________________________
990, 500
Benefit-cost ra-ti-o ________________________________ .____________
1. 70
COOPERATION AND ACKNOWLEDGEMENTS

Local, State, and Federal agencies have cooperated in the investigations of Minot extension.
Officials of the city of Minot have furnished information, reports and
data concerning the existing municipal water system and the requirements of the city. The city manager's office and the mayor's committee
on water development worked closely with State and Federal agencies
in the interest of obtaining a full water supply for the city of Minot.
State agencies that provided information are the North Dakota
game and fish department, geological survey, health department,
highw_ay_ department, outdoor recreation agency, and the water
comm1ss10n.
Federal agencies cooperating in the studies are the Bureau of Outdoor Recreation, Bureau of SJ?ort Fisheries and Wildlife, Bureau of
Mines, Federal Water Pollution Control Administration, and U.S.
Geological Survey.
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Il----0-ENERAL DESCRIPTION

PHYSICAL CHARACTERISTICS

Most of the city of Minot is situated on the flood plain of the Souris
(Mouse) River •a t an elevation of about 1,550 feet above me'an sea
level. The valley is edged by high bluffs to the north 'and south, and in
recent years the city residential areas have extended beyond these
bluffs to the open plains ·above the valley.
The Souris River originates in the southeastern portion of the Canadian Province of Saskatchewan and flows in a southeasterly direction
from the Canadian boundary to Minot, thence in an easterly and
northerly direction back into Canada. It is a meandering stream with
broad flood plains and high valley walls in most places. The flood plain
at Minot is about a mile wide and varies from 150 to 200 feet below the
surrounding plain. Flows of the river have been highly variable in the
past with flooding during some spring months and frequent periods of
no flow in the winter. The only major reservoir on the Souris River is
Lake Darling, which is operated by the U.S. Fish and Wildlife Service
for waterfowl propagation.
Geologically, Minot is located on glaci al ground moraine deposits
of the Pleistocene age. These ~lacial ice deposits cover most of the
area with a gently rolling glacial drift surface. Portions of the area
are dissected by glacial outwash channels composed of silt, sands, and
gravels which are generally underlain by drift. Tertiary rock of the
continental Tongue River formation of the Fort Union group of
Paleocene age overlies the Cannonball formation of the same group
and comprises the bedrock of the 'a rea.
1

CLIMATE

Minot and the surrounding area have a semiarid to dry, subhumid
continental climate with four distinct seasons and frequent daily
fluctuations in the weather. Precipitation averages about 16 inches
annually but is quite erratic, ranging from 7.65 inches in 1929 to
24.94 inches in 1964. Over 70 percent of the annual precipitation occurs
during the April to September season, and almost 50 percent falls
during May, June, and July. The summers are hot, with temperatures
rising occasionally above 100° F., and the winters are cold, with temperatures of 20° to 30° below zero not uncommon. The following tabul1a tion shows the mean monthly precipitation and temperature for the
area.
(38)
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Mean monthly
precipitation
(inches)

Mean monthly
temperatu re
( degrees
Fahrenheit)

0. 76
• 63
• 46
• 48
• 45
• 59
1. 35
2. 27
3. 37
2. 24
1. 93
1. 42

45. 7
27. 0
15. 1
7. 4
12. 0
24. 0
40. 9
53. 4
62. 6
69. 8
67. 3
56. 3

15.95

40.1

Month
October _____ ____ ____ ________ ___ ___ ___ _-- - - - - - - -- - - - - -- - - - - - -- - - - - - - - -- -- - - _
November_ __________ - __ ___ - _-- -- -- -- - - - - -- - - -- -- -- -- - - - - - - - -- - - - - - -- - -- - - __
December ___ - _-- -- - - -- - - -- -- -- -- -- -- - - - - - -- - - - - - -- - - - - -- - - -- - - - - -- - - -- -- -- _
January __ __ _______ -- --- - _- _-- -- - - - - -- - --- - - - - -- - - - - - - -- - - - - - - --- - - - - - - - _-- _
February ________ ________ ____________ - - - _- _-- -- -- -- - _- _________ -- -- - - ____ ___
March __ ________ __________ - _-- -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _-- _____
April_ __ ___ __ __ _________ ______ -- -- -- -- - - -- - • - _-- -- -- - - ---- -- -- - ------ - ____ _
May ______________________ ____ ____ -- -- - - -- -- -- ---- -- - - - - ------. _---- _______
June. _______________________ ---- ____ -------- ___ _-- - ---_____________________
July _________ __________ ____ ____ _____ ____ ------ ___ _____ ________________ ___ __
August_ ______ _________ __________________ -- ---- __ ______ __ ______ ______ ____ ___
September ___________ ___ ______ ---- - - -- __-- --- - ---- -- - - -- ---- ----------- - --Average annual_ ___ ____ _________ __ ____________ _____ __ _____ __ __ __ ________

--------

The relative humidity around Minot averages from 50 to 85 percent
during the summer and from 65 to 80 percent during the winter. Premiling winds in the area come from the northwest with an average
Yelocity of 9 miles per hour, but periods of calm seldom occur more
than 5 percent of the time. About 70 percent of possible sunshine occurs
in the summer months; less than 50 percent of possible sunshine occurs
during December.
HISTORY AND SETTLEMENT

The city of Minot's origin ,a nd early growth can 'be attributed mainly
to the extension of the Great Northern Railroad through the area. The
townsite for the city was selected by railroad officials when .the tracks
reached the Souris River in 1886. Named for Henry Davis Minot, a
representative for some large eastern land developers, the city was
incorporated in 1887.
:Minot became a di vision point for the Great Northern Railroad, and
with completio~ of the Surrey cutoff f_rom_ Fargo to Minot in 1912, it
became the mam Great Northern stat10n m North Dakota. The Soo
Line Railroad was constructed into Minot in 1893.
Ward County was established in 1888 with 1Minot •as the county seat.
The Dakota Territory, which had been established in 1861, was divided
on November 2, 1889, and North Dakota was w,anted statehood.
)Iinot was nicknamed the '~Magic City" because of its phenomenal
growth to -a population o·f 5,000 during its first year of incorporation.
Completion of major railroad construction in the area along with a
sernre drought and locust invasion resulted in a population decrease to
1,277 in 1900, but the city began growing rapidly again after the turn
of the century. The population in 1966 was ·a bout 33,000, making it the
third largest city in North Dakota.
GENERAL ECONOMY

Agriculture has been the principal Ii velihood in the area around
:Minot since its .first settlement in the 1800's. Tn 1964 Ward County, of
which ·M inot is the county seat, had about 96 percent of its total area
(2,048 square miles) under cultivation or in pasture devoted to cattle
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production. Only small areas are presently under irrigation
the
Souris River Valley, but several hundred thousand acres of land m the
surrounding trade area would be provided with water under plans for
the Garrison diversion unit.
The general economy of Minot is largely one of secondary industries.
Centered around wholesale and retail trade and medical services,
Minot's volume of business ranks second in North Dakota for wholesale
trade and third in each of the other categories. The bulk of local manufacturing is made up of food processing and fabrication of products
for local construction projects.
':Dwo other important sources of income for Minot are Minot State
College and U.S. Air Force installations. Minot Air Force Base construction began in the mid-1950's and was probably the main factor
in Minot's rapid growth during that decade. In the early 1960's, installation of a strategic missile complex brought an influx of workers to
the area, but military construction around Minot has declined in the
past few years.
Mineral ,production in the immediate vicinity of Minot is presently
limited to sand and gravel, but productive fields of oil, natural gas, and
lignite coal are all found within 75 miles of the city.
Minot has excellent highway, railroad, and airway service for passenger and freight transportation to and from the area. U.S. Highway
83 connects Minot with Bismarck, N. Dak., and provides a north-south
route through the area to the Canadian border. U.S. Highways 52 and
2 provide east-west access to the city. The Great Northern Railroad
system around Minot contains the largest railroad yards in North Dakota and serves the city with both north-south and east-west routes.
The ,Soo Line Railroad provides the city with north-south service. Airway service to and from Minot and the surrounding area is provided
by frequent flights of North Central Airlines and by Frontier Airlines,
whose services offer connections with major airline terminals.
PREVIOUS INVESTIGATIONS

Ways and means of increasing Minot's water supply have been
studied by city officials for many years.
In the late 1940's when the Bureau of Reclamation was considering
diversion of water from the Missouri River for irrigation in the Souris
and adjacent river basins, the city began focusing attention on obtaining water from the potential project. Meanwhile, studies continued on
the location of new ground ·water aquifers, methods of recharging a
develorn~tl aquifer, and possibilities of obtaining more water from the
Souris River.
A consulting firm, Kirkham, Michael and Associates of Fargo, N.
Dak., was hired in 1959 by the city to study potential sources of water.
The firm studied pumping from the Missouri River ( Lake Sakaka wea)
and the development of ground water from known aquifers within a
radius 0£ 8 miles 0£ the city. 0£ these two plans, the plan for pumping
from the Missouri River was determined by the consultant to be the
better source to meet long-term requirements. However, the city did not
undertake to construct the proposed plan.
In 1965, the Corps 0£ Engineers conducted a review survey 0£ the
Souris River and its flood control aspects. Conclusions were that potential reservoir sites on Souris River and its tributaries would adequately
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serve a flood control function but that the city's requirements for municipal and industrial water could best be met by importing water
from the Missouri River.
Since the 1940's, Minot has continued to be an enthusiastic supporter
of the Garrison Di version Unit and indicated an interest in that unit as
a potential source of water when the plan for the initial stage was prepared in the early 1960's. The unit, as subsequently authorized in
1965, provided for delivery of water to the city of Minot and othe.:i;
potential municipal and industrial water users. Because of indefinit~ plans of the municipalities, the authorized plan provided for municipal
and industrial water delivery at existing features only, contemplating
that water users requiring service would probably construct the facilities needed to transport the water to points of use and would provide
necessary regulatory storage during periods the unit facilities were not
operating.
In 1966, the city of Minot proposed that facilities necessary to supply its water requirements be constructed as a part of the Federal
project, justifying its proposal on the advantages of financing both the
costs for water from Garrison diversion unit and the necessary conveyance facilities under one source, and on the advantages of longterm repayment provisions afforded by the reclamation acts. With support of the Garrison Di version Conservancy District, the North
Dakota State Water Commission, and the North Dakota congressional
delegation, the city was instrumental in obtaining a write-in of funds
in the Public Works Appropriation A.ct, 1967, for a reconnaissance
study of the proposal.
The study was initiated in January 1967 and was completed with a
report in June 1967. Preliminary findings were favorable -and a feasibility investigation was recommended. The general plan presented in
the reconnaissance report was the same as that presented in this report.
Major changes were an increase in size of the facilities to provide for
a population in year 2020 instead of year 2000 and provision of a
pipeline from Velva Canal to Livingston Reservoir in lieu of an open
canal. Fish and wildlife and recreation aspects which were not evaluated in the reconnaissance report have been evaluated and have been
found to be an important part of the proposal.
CURRENT INVESTIGATIONS

The current feasibility investigation was begun in February 1968,
upon authorization by the Congress and provision of funding by a
writ_e-in requested by the North Dakota congressional delegation.
Field surveys were completed in the fall of 1968 and studies leading
to this report were completed in May 1969.

PART III-PROBLEMS, NEEDS, AND INTEREST

At times of low rainfall, particularly in the late summer months,
an abundant municipal water supply is important to cities and towns
not only from the standpoint ofirrigation of I-awns, but for cooling and
domestic uses. Well irrigated 1'awns and trees form an attractive green
island in an area where ripened crops and dried pastures form little
contrast in the landscape. People from surrounding farms and towns
and tourists traveling through are attracted to the well-kept town for
recreation. Property values 'a re increased.
An abundant water supply in this Great Plains area also attracts
industry, particularly agricultural processing plants which 'a re large
users of water for cleaning and cooling. Industry of this type is expected to begin a tremendous growth in the Minot area within the next
10 ye:ars when irrigation from the nearby Garrison diversion unit is
well underway.
Minot has grown 50 percent in population since 1950, is expected to
double by year 2000, 'a nd would exceed by over 2½ times its 1966
population of 33,000 by year 2020.
This growth has resulted in immediate as well as long-term munici:pal and industrial water supply problems. The city experiences per10dic water shortages that are 'a lleviated only by restrictions in water
use. A more dependable source of water is required for present consumption and for the future growth of the city. Local interests are concerned with satisfying the city's long-term water problems and lookin&' forward to the avai1'ability of water from the Garrison diversion
umt within the next few years.
MUNICIPAL AND INDUSTRIAL WATER PROBLEMS AND NEEDS

The city of Minot has had a public water supply since the late 1800's,
obtaining water from wells and the Souris River. Increasing population and water use, declining ground water levels, -and seasonal low
flows of the Souris River have caused the city to seek a new and more
dependable water source which would provide a full water supply for
its future municipal and industrial water needs.
Ground water supplies to the city system are limited and require
expensive chemical treatment before use. Since 1916, increased pumping from the aquifer has lowered the water table over 70 feet at some
points. In areas of maximum pumping, the water level declined more
than 20 feet during the 1961 to 1964 period. Extension of the present
well field and recharging the field have not produced satisfactory results, and earlier estimates of ·a dependable yield of 3.5 million gallons
per day have been revised downward to 2.5 million gallons per day.
The quality of the water taken from the Souris River for municipal
use is relatively good, but the supply is not dependable. The dependable
yield from the watershed is so low that any use of its direct flows is not
reliable. Any additional development of water from the river would
1
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depend on storage 0£ floodflows since the water rights are presently
overappropriated. Transmission losses from an upstream reservoir
through natural channels to the city would be large, as verified by
losses in the river that have occurred during interim purchases of water
from Lake Darling, a fish and wildlife development under control 0£
the U.S. Fish and Wildlife Service. Development of additional water
from the Souris River, with or without expanded ground water use,
will not provide an adequate supplemental supply to Minot.
·with declining groundwater levels and low seasonal flows in the
Souris River, the city has employed several temporary methods to
maintain an adequate water supply. Three of these interim measures,
water rationing, artificial recharging of the underground aquifer, and
purchasing water from Lake Darling, were successful in avoiding an
emergency situation, but they are not considered to be a solution to the
problem.
The North Dakota State Water Commission is investigating a newly
found aquifer southeast of Minot on the Souris River. No information
is available on the yield, reliability, or depth of this ground water
reservoir, but present plans call for the use of this water ·as an interim
supply until a more dependable source is made available. Development
of a suitable ground water supply does not appear to offer a permanent
or long-range solution to Minot's munidpal and industrial water needs
because of yield capacity, pumping depths, and quality problems.
Importation of Missouri River water has been determined to be the
best answer to the city's problems. In anticipation of securing such a
supply, the city has completed ,a modern water treatment plant 0£ sufficient capacity for -future growth and expansion.
As a major water customer of the city of Minot, the U.S. Air Force
receives service at the Minot Air Force Base, about 12 miles north 0£
the city, 'and at John Moses Hospital, an Air Force hospital within
the city. Initial service was provided to the Air Force iin the late
1950's but facilities were inadequate and a new 'a greement was entered
into in 1961. This agreement provided for expansion of the city's system to provide increased service. At the same time the city undertook
an expansion program for the system within the city. Under terms
of the contract, the city must provide a maximum daily requirement of
.2.5 million gallons per day (m.g.d.) to the Air Force instaUations. The
Air Force receives a credit on monthly water billings to offset an initial
investment in connecting facilities.
Minot Air Force Base and John Moses Hospital are strategic posts
in the national defense system; the air base serves Strategic Air Command (bombers 'a nd missiles) and Air Defense Command functions.
The air base and hospital have an equivalent city population 0£ nearly
19,000. The Air Force has voluntarily participated in water-saving
steps at times the city is short of water. Use over the past £ew years
has been only about one-half of the contracted maximum daily amount.
The village of Surrey, about 6 miles east of Minot with a population
of 309 in 1960, needs an adequate future water supply. Its present
municipal water is obtained from wells and receives little or no treatment. Although not expected to grow appreciably, the village needs a
dependable, yet economical, source for municipal water and has made
several requests for such service from the Garrison diversion unit
works.
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Another system in Minot that needs 'a water supply is that of Minot
State College. With a present enrollment of about 2,500, the college
receives its water supply from an old and obsolete well system. To
eliminate the need for additional or replacement wells and treatment
facilities, the school has requested water service from the city of
Minot.
Population growth and projection~
The J?ast 'and ,a nticipated growth of Minot is shown in the following
tabulat10n of the city's population :
Year :
1900
1910
1920
1930
1940
1950
1960
1966
1

U.S. census

-------------------·-------------------------------------------------------------------------------------------------------------------------------------

Population

1,277
6,188
10,476
16,099
16,577
22,032
30,60!
1
33,000

Year :
1970
1974
1980
1990

Projected population

----------------------------------------------------------------------------2000 -------------------2010 -------------------2020 --------------------

Population

41,800
44,200
48,600
56,300
65,000
74,700
84,400

Special city census.

Water usage
The current average water use per person in Minot is about 80 gallons per day. As a part of its municipal water service the city furnishes
water to the Minot Air Force Base where daily per capita consumption has also been ·a pproximately 80 gallons. In comparison, water use
averaged about 116 gallons per capita per day in 1967 for Bismarck,
N.D., a city of comparable size but with an ample water supply from
the Missouri River.
Per capita water use in Minot varies from year to year because of
the restricted water supply. Total demand has increased with population. The following table shows the increase in use of water and the
relationship between the 'average day and maximum day water use.
1

Daily use in 1,000 gallons

Year ___________ - ----- -- ---- - -- -

Average

Ratio

3,116
6,481
2. GS
3,731
6,343
1. 70
3,603
6,345
1. 76
3,787
7,303
1.93
3,976
7,997
2. 01
3,865
7, 381
1. 91
4,000
9,000
2, 25
4,562
10,917
2.40
3, 892 -- ____ --- ---- _____ -- - --- ___ _

1960 _______ -- ---- -- --- ___ -- ----- -- _-1961 ____ -- -- __ --- ------ -- _----- __ -- -1962 ____ ---- ___ -- --- --- ------- _-- -- -1963 _______________________________
____ --------- ---- ---- -- --- -- - -- _--_
1964
1965 ___________ -- ------ ----- _-- _____ _
1966 ____________ - ---- - - ------ - - - - -- -1967 ---- ____________________________ _
1968 ___________ ------- _-- -- __ ------ __
1

Maximum

Total annual use
Million
gallons
1, 121. 8
l, 361. 8
1,315.1
1,382.3
1,451.2
l, 410. 7
1,460.0
1,665.1
1,420.7

Acre-ftet

1

3,443
4,179
4,036
4,242
4,454
4,329
4,481
5,110
4,360

1 acre-foot equals 325,850 gallons.

Industry in the Minot area consists principally of processing of
dairy products, meatpacking, and the manufacture of concrete products. Most of these industries receive their water supply from the city
system.
Future water requirements
Future estimates of municipal and industrial water needs ,a re based
primarily upon population projections, per capita domestic water use,
1
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and a contractual requirement for the Air Force of 2.5 million gallons
per day. Requirements for the city of Minot are expected to increase
appreciably with the availability of an adequate water supply. Per
capita use ('a.bout 80 gallons per day) has been much below the national
average ( about 160 gallons per day in 1965) in the past but is expected to reach about 200 gallons per day by the year 2020.
The following tabulation summarizes estimated population and
water requirements for Minot, projected through the year 2020.
Daily water requirement

Municipal and
industrial
Year

1974 _____ ____ _____ _____
1980 ___ _____________ ___
1990 ____ ---- - - -- -- -- ___
2000 _____ ___ ____ _______
2010 _____ _____ -- - - _- -- _
2020 __ ___ _____- - -- ---- _
1

Population

Per capita 1
(gallons)

Million
gallons

Air
Force
(million
gallons)

44,200
48,600
56,300
65,000
74, 700
84,400

88
130
164
183
194
200

3. 93
6. 30
9. 21
11. 86
14. 53
16. 91

2. 5
2. 5
2. 5
2. 5
2. 5
2. 5

Annual water
requirement
Total
(million
gallons)

Million
gallons

Acrefeet

6. 43
8. 80
11.71
14. 36
17. 03
19. 41

2,346.1
3,210.8
4,274.3
5,243.2
6,216.5
7,085.4

7,200
9, 854
13, 117
16, 091
19, 078
21, 740

Rounded.

The annual water requirement for Minot would be 21,740 acre-feet
in 2020, an average daily demand of 19.4 million gallons. Using a ratio
of average daily to maximum daily water use of 2.50, the maximum
daily demand would be about 48.5 million gallons.
The maximum use of municipal water in Minot occurs during the
months of June, July, and August. The following monthly distribution
of the annual ,vater requirements was derived from records of water
use by Minot and Bismarck, N. Dak., and Huron and Mitchell, S. Dak.
The Minot and Bismarck records extend from 1959 to 1967.
Percent
of

Month:
October--------------------------------------------------------November -----------------------------------------------------December------------------------------------------------------January --------------------------------------------------- -___ - _
February ------------------------------------------------------March---------------------------------------------------------April -----------------------------------------------------------

May ----------------------------------------------------------June ------------------------------------------ - --------------July------------------------ - -----------------------------------

August --------------------------------------------------------September ------------------------------------------------------

annual
requirements

7.0
6.0
6.0
6.0
5.5

6.0
6.5

8.0
10.0
15.0
14.5
9.5

'l'otal --------------------------------------------------------- 100.0

Th_e city's ~r~atment plant is of m?dern design and is capable of
treatmg- 18 m1ll1~n gallons of water daily. This capacity should be adequate for the proJected water use of the city until about 1980. The plant
provides chlorination; disinfection; taste odor and color control·
lime softening; and fluoridation treatment.'
'
'
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OUTDOOR RECREATION

The Bureau of Outdoor Recreation, in studies of potential reservoir
sites in the Minot area, pointed out that additional recreation development is required to meet the needs of the four-county area which is
identified as the recreation market area (RMA).
The North Dakota State comprehensive outdoor recreation plan has
further identified the Minot area as a high-intensity recreation-use
zone. Demand for water-oriented activities is expected to grow from
1,421,000 recreation days in 1975 to around 4,750,000 recreation days by
year ·2020. Principal summer activities in demand include swimming,
boating, water skiing, fishing, picnicking, camping, and sightseeing.
Winter activities include ice skating, fishing, tobogganing, sledding,
and snow skiing. Studies show that effective recreation acreage in the
RMA is limited. Of the 6,867 total effective recreation acres, 2,238 are
water surface acres at various Federal, State, and local areas. These
areas satisfied 277,600 annual recreation visits in 1967. Three national
wildlife units accounted for the majority of these acreages and visits.
The large recreation complex at the 370,000-acre Lake Sakakawea with
its parks and wildlife refuge can be expanded but is located 45 miles
south of the Minot area. This resource is considered within the normal
day-use outing range for most of the RMA population but does not
provide the same appeal or local attraction that a site near the city
would.
It was concluded that a reservoir within the Minot extension plan
could serve part of the RMA recreation demand.
Plans for recreation facilities and estimates of visitation are shown
in part IV, plan of development. A copy of the Bureau of Outdoor
Recreation evaluation of the recreation aspects of Livingston Reservoir
.is appended.
FISH AND WILDLIFE RESOURCES

The Bureau of Sport Fisheries and Wildlife in studies of potential
reservoir sites in the Minot area has pointed out that additional
faciliti~s are required for fishing in connection with any planned
reserv01r.
A particular need for additional fishing throughout the area and the
State was also expressed in the State outdoor recreation plan.
Plans for enhancement of the fishing resource for the Minot extension and estimates of visitation are shown in part IV, plan of development. A copy of the Bureau of Sport Fisheries and Wildlife evaluation
of the fish and wildlife aspects of Minot extension is appended.
FLOOD CONTROL

Existing development and the development potential in areas along
Livingston Creek below the proposed damsite would not be endangered by maximum runoff from the Livmgston Creek watershed. The
watershed covers only 19 square miles and there is no evidence or history of damage from past floods. As a result, no provision is made :for
flood control in Livingston Reservoir. The Minot extension plan would
be in compliance with flood hazard regulations established by
Executive Order No. 11296.
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LOCAL INTEREST

For 25 years the city of Minot has looked to the Garrison diversion
unit as a potential source of water of better quality and adequate
quantity to meet current and long-term requirements.
The city, although a part of the Garrison Diversion Conservancy
District, is not immediately located within the areas to be irrigated by
the initial stage of the Garrison diversion unit. However, city officials
have actively supported all aspects of the multipurpose diversion unit
because of its potential in serving the city with water and because of
probable economic impact on the city from construction of the unit
and irrigation of nearby lands.
Through many resolutions and letters, the city has urged that construction of Velva Canal be accelerated to provide a source of municipal -and industrial water at the earliest possible date. The city has also
urged the investigation of plans to extend the facilities of the Garrison diversion unit to the city so that construction of the conveyance
works and Velva Canal might be carried out concurrently.
Need for a dependable municipal and industrial water supply
became extremely critical in the summer of 1968 and the city became
concerned that it might not be in a position to wait for completion of
construction of necessary supply features of the Garrison diversion
unit. The city formed a water committee in the summer of 1968 to
explore all possibilities of water development, both interim and long
range, at the same time urging the Bureau to expedite the studies of
the Minot extension. The city and its water committee have followed
closely the studies of the Bureau and have worked closely with the
Bureau in preparation of the plans and in discus~ion of the findings.
Meanwhile, it has sponsored investigation of an interim ground water
aquifer which would be a possible source of additional water until the
necessary works of the Garrison diversion unit and the Minot extension
have been completed.
The city of Minot, the Garrison Di version Conservancy District, and
the North Dakota Water Conservation Commission have supported
investigations of the Minot extension and have provided ad vice and
information for .the study. In review by these •agencies of a draft of
this report, constructive and favorable comments were received.
A draft of the report was reviewed by the special committee appointed by the mayor and the governing body of Minot as well as the
administrative and engineering staff. At a special meeting on July 10,
1969, the Minot City Council received and approved unanimously the
recommendations of the special committee as follows:
That the Minot City · Council give approval to the general provisions as outlined in the June 1969 report on the Minot extension of the Garrison diversion
unit and that early congressional authorization be requested for the extension as
descri•b ed in the report. It was further moved that such authorization include a
provision for a portion of these -3Uthorized facilities to 'b e used in transmitting
an interim water supply from an aquifer east of Minot, if such supply is substantiated by the North Dakota State Water Commission and that early construction of the westernmost stage of the Minot extension be authorized so that
the securing of an interim supply will eliminate duplication of facilities which
will eventually be used in the overall Minot extension.
Tho interim supply referred to in this motion refers to the apparent existence
of an aquifer downstream from l\Iinot which would appear to be adequate to take
care of )linot's emergency needs until such time as the Garrison diversion unit
is completed and the city can realize full potential of Missouri River water from
the Velva Canal.
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The Minot City Council also voted unanimously to urge authorization and stage construction of .the interim supply as outlined in the
committee's motion.
Following review of a draft of this report, the Garrison Diversion
Conservancy District, by resolution of July 17, 1969, gave support to
the city of Minot in its efforts to ·p rovide •a permanent solution to its
municipal water supply problem and urged early authorization by the
Congress of the Minot extension of the Garrison diversion unit as set
forth in the report. The conservancy district also approved tJhe issuance of a letter of intent, indicating a willingness to assume the
responsibility for one-half the separable capital costs associated with
recreation and fish and wildlife and the operation and maintenance
costs associated with these purposes for tJhe Minot extension.
The engineer-secretary of the North Dakota State Water Commission, in his review of the report, gave support to the plan for Minot
extension and pointed out that authorization of the proposal for Minot
extension would allow ,a n interim supply, under study by the commission and the city, to be tied into the long-range water plan and
would avoid duplication and excessive costs, and he urged early
authorization.
Representatives of the Air Force from Minot Air Force Base, including administrative and engineering personnel, are official members
of the Minot Water Committee and have actively participated in committees studying Minot's water supply problems. Because a firm water
supply for Minot is vital to accomplishment of Air Force objectives,
full support is given the Minot extension plan by these Air Force
representatives.

p ART IV-PLAN

OF DEVELOPMENT

'I'he principal objective of the plan of development for Minot extension is to provide ia full supply of good quality water to meet the
immediate and long-range municipal and industrial requirements of
the city of Minot.
PROJECT FORMULATION AND CONSIDERATION OF ALTERNATIVE PLANS

This feasibility investigation deals with the various alternative
methods of supplying Minot with water 'and considers special problems
identified in a reconnaissance report of June 1967. Further studies
recommended in the reconnaissance report for completion as a part of
the feasibility investigation included feasibility surveys ,a nd studies of
all features mcluding foundation explorations and studies of oppor·tunities for enhancement of outdoor recreation 'a nd fish and wildlife
aspects. In addition, studies were to be made of the city's plan.s regarding continued use of its present well field and of probable repayment considerations.
·
Initial studies of the plan were concentrated on geologic conditions
at Livingston Dam and Reservoir. Alternative sites were investigated
but final studies showed that the least costly project plan included
a dam and reservoir -a t the Livingston site with provisions for adequate
foundation treatment. Revised studies were made of water requirements for the city through year 2020, as compared with year 2000 in
the reconnaissance report. Livingston Reservoir was sized to meet the
storage requirements for the year 2020 'a nd this required an increase
in conservation storage from 6,800 to 9,970 acre-feet. This storage
capacity would be adequate to meet withdrawals during the winter
period when carriage facilities of Garrison diversion unit would not be
operating. Based on discussions with the city, it was determined that
the project would provide full water requirements, with the current
well field serving as a standby source or supplemental source if needed
for any reason in the future.
Studies were -also made of the sizing of conveyance facilities, including size and number of pumping plants, to divert water from Velva
Canal to Livingston Reservoir. The optimum plan selected considered
facility construction costs, pumping heads, 'a nd annual O.M. & R. costs.
The capacity of pumping plants and conveyance facilities from
Velva Canal to Livingston Reservoir was selected to provide for dirnrting full requirement of the city in year 2020, including losses -and
evaporation. The capacity of the outlet works and Minot pipeline was
determined by reservoir releases required to meet maximum daily demands of about 48.5 million gallons. 'I'his is approximately 2.5 times
the mean daily requirement for July, which is 'based on past records of
water use. Studies were also made of the desirability of installing all
pumping units with initial construction as opposed to deferring part
of the unit until the water demand of the city on the storage reservoir
(49)
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required the full capacity. These studies showed that a small part of
the investment in pumping units might be deferred until project year
15, but there would be many disadvantages in postponing installation
of some of the units, such as lack of ability to meet emergency and
equipment failures; the requirement to provide special throttling facilities for the units to be installed to insure efficient pump operation
against design head; and problems of procuring pumping units at a
later date which would be of equal or similar design permitting interchanging of spare ·p arts. For these reasons, the selected plan provides
for installation of all pumping units during initial construction.
Comparative studies were made between various sizes of concrete
pipe and open ditch for ·t he carriage facilities from Velva Canal to
Livingston Reservoir. Consideration of both economic and intangible
factors resulted in the selection of a pipeline. Controlling considerations included a minimum loss of farmlands wit:Jh the pipeline, elimination of canal evaporation and seepage, less opportunity for local
pollution, and safety, although a pipeline with required pumping stations would cost $1.8 million more than a canal with pumping stations.
In addition, the city officials stated preference for the pipeline.
No specific facilities would be provided for direct delivery of project
water to the village of Surrey. The best method for supplying Surrey
with municipal water would be -from the city of Minot. There are no
suitable storage sites for taking water directly from Livingston pipeline, and the village has no facilities for treating ·t:Jhe water. Deliveries
from Minot would be treated and would cost much less than a direct
tap into project facilities.
Studies were made regarding the question raised in the reconnaissance report as to whether the single-purpose pipeline from the reservoir to the city water treatment plant ('Minot pipeline) could be
justified as a part of the Federal project or should be financed and
constructed by local interests. These showed that the cost of construction of Minot pipeline ($1.8 million) would impose severe strain on the
city's financial capabilities ( see part VI). A number of unusual circumstances which were given special consideration concerning Minot's
immedia·t e financial situation are the major flood disaster which occurred in the spring of 1969, a critical requirement for investigation
and development of an interim water supply, and normal obligations
associated with the needs of a rapidly growing city. Also in recent
years Minot has invested large amounts of money in improving -a nd
expanding their water treatment and distribution facilities. The 1969
flood resulted in additional present and future financial burdens for
flood repair and cleanup, urban renewal, and flood control measures.
The inclusion of all facilities, required to supply water to Minot, in
the Federal project would be particularly important to both the
Nation -and the city of Minot. The Minot pipeline would be instrumental in supplying water to Minot Air Force Base and an Air Force
hospital which are served through the city system. Also, coordinated
construction of all facilities, accomplished through the use of one contracting and financing agency, would assure earliest possible repayment
and realization of the project's multiple-purpose functions. Long-term
Federal financing of all facilities under the reclamation acts would
enhance repayment ability, because Minot could repay allocated costs
with water revenues, precluding the need for additional bonded
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indebtedness. Separate financing and construction of the singlepurpose Minot pipeline through issuance of general obligation bonds
could jeopardize timely construction of the facility and possibly cause
the project to become infeasible.
Public interest in the possibility of bringing water directly from
the Missouri River to Minot by pumping from Lake Sakakawea
( formed by Garrison Dam) led to further investigation of this plan
which also was the most likely alternative presented in the reconnaissance report. City officials were concerned that delays in funding of
Garrison diversion unit construction would extend the date for probable water service from that unit too far into the future, and an early
solution to its water supply problem was imperative.
During the course of feasibility investigations, plans for pumping
water :from Aubudon Lake (a sub-impoundment of Lake Sakakawea
formed by Snake Creek embankment) were found to be more economical than plans for pumping from Lake Sakakawea. Audubon
Lake is a 396,000 acre-foot reservoir and will be held at elevation
1850.0 by the Snake Creek Pumping Plant during the irrigation season. A pumping facility for Minot on Lake Sakakawea would have to
be designed to accommodate the normal operating fluctuation in water
surface between elevations 1775 and 1850. An Audubon Lake plan
(drawing No. 769-603-8170) was then formulated which included
a 39-mile pipeline, two pumping plants, and a 7,000 acre-foot reservoir
on First Larson Coulee, 4 miles south of Minot. A reconnaissance cost
estimate of this plan was developed for comparison purposes. Total
costs were found to be $3.2 million more than the selected Minot extension plan and annual O.M. & R. costs, $39,800 more. This alternative
plan was retained in the study as the most likely alternative and for use
in evaluating benefits of municipal and industrial water for comparison
with the selected plan.
One additional alternative considered was a plan to take municipal
and industrial water from Lake Darling on the Souris River and
replace that water by releases downstream from the Garrison diversion
unit. It was found that the long-terni dependable water yield of the
Souris River would be inadequate for the city's requirements. Similarly, data on ground water recharge of the existing well field and
expansion of the well field indicated that these development methods
were unsatisfactory for development of a sustained long-terill: water
supply of good quality.
1
In summary, the selected plan involves a plan similar to that presented in the reconnaissance report, that is, taking water from Velva
Canal and regulating the supply by storage in Livingston Reservoir.
RELATIONSHIP TO GARRISO

DIVERSION UNIT

Minot is identified in the initial stage plan of Garrison diversion
unit, authorized on August 5, 1965, which provides for delivery of
water to 14 municipalities and four industrial areas. Delivery was to
be made at canalside, with users required to construct all works needed
to treat the water and transport it to points of use. Because irrigation
canals were planned to operate only seasonally, it was expected that
users taking water from project works would need to construct off46-281 0-70-5
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season storage works. Costs of the Garrison diversion unit were allocated to the total municipal and industrial water function, with plans
for use to be developed during construction of the unit.
The plan for Minot extension, as presented in this report, proposes
that the authorization of the Garrison diversion unit be extended to
provide for Federal construction of the works necessary to conve_y and
store the water supply required by the city of Minot. Water for Garrison diversion unit will first be pumped from Lake Sakakawea to Audubon Lake (drawing No. 769-603-5700). Water stored in Audubon
Lake would flow by gravity through the McClusky Canal to the 410,000
acre-foot Lonetree Reservoir for distribution to multipurpose uses.
Water would be released from Lonetree Reservoir through Wintering
Dam to the 2,000 cubic feet per second ( c.f.s.) Velva Canal which
would deliver irrigation water to the 12,200-acre Karlsruhe area enroute to the 103,800-acre Middle Souris area north and east of the city
of Minot. After crossing the Souris River valley a major delivery
would be made to the Mouse River Irrigation District, thus reducing
Velva Canal capacity to 760 c.f.s. Velva Canal then reaches a point that
is about 10 miles from the city of Minot, and this would be the selected
diversion point for a municipal and industrial water supply. The canal
at this point (mile 56) is about 16 feet wide, with a depth of 11.6 feet,
and a capacity of 760 c.f.s. Of total annual diversions of 346,570 acre:feet from Lonetree Reservoir under the initial stage of Garrison diversion unit, Minot extension would require 22,953 acre-feet. Water would
be diverted to Minot extension at times when the full capacity of the
canal was not being used for irrigation.
Under an alternative plan studied, water would be pumped directly
:from Audubon Lake into a pipeline conveying water to a regulatory
reservoir near the city. Thus, in both plans water would be furnished
by works of the Garrison diversion unit.
Construction of Snake Creek pumping plant of the Garrison diversion unit was initiated in 1968. Construction of McClusky Canal, construction of the dams that would impound water for Lonetree Reservoir, and construction of Velva Canal have been scheduled to provide
water for irrigation and municipal and industrial uses 'at the earliest
practicable date.
Under current cost estimates for the authorized initial stage of Garrison diversion unit, an amount of $15,290,000 including interest during construction of 'a total to be allocated of about $300 million has
been assigned for repayment by present and potential municipal :a nd
industrial water users. The $15,290,000 of costs to be associated with
municipal and industrial water projects has been distributed to the
14 municipalities and four industrial water-use areas on the basis of
benefits to be produced by the acre-feet of water furnished. The amount
to be distributed to the Minot extension would represent 31.49 percent of the municipal and industrial costs, or $4,815,000 including interest during construction of $312,000. Estimated annual 0.M. & R. costs
for the Garrison diversion unit assigned to the municipal and industrial function have been estimated to be $63,800, of which $20,000
would similarly be assigned to the Minot extension.
1
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ENGINEERING PLAN

The plan for Minot extension is shown on drawing No. 769-6037710. The p1'an provides for the following features to be constructed :
( 1) Minot Pumping Plants Nos. 1 and 2, ( 2) Livingston and Minot
pipelines, ( 3) Livingston Dam, and ( 4) facilities for enhancement of
recreation and fish and wildlife.
The plan provides a full municipal and industrial water supply for
the city with facilities sized to meet the requirement for the year
2020.
Minot Pumping Plants N os.1 and 93
Two pumping plants were selected to minimize costs for pipe, surge
tanks, and pumping units. Minot Pumping Plant No. 1 would be constructed on the left (west) bank of Velva Canal in the NW¼ of
section 13, T. 155 N., R. 81 W., about 11 miles east of Minot:: lv,[inot
Pumping Plant No. 2 would be constructed in the NW¼ of -seetiort '~·
17, T. 155 N., R. 81 W., about seven miles east of Minot. The-:pla:ri.ts
would be of the outdoor type designed for summer operation. Designs
and layouts for the plants are shown on drawings Nos. 769-603-8277
and -8278. W ·a ter would be lifted a total of about 76 feet from Velva
Canal to top of conservation storage in Livingston Reservoir.
The nominal capacity for each plant would be 78 cubic feet per second at total dynamic heads of 104 feet at Minot Pumping Plant No. 1
and 66 feet at Minot Pumping Plant No. 2. The design for each pumping plant would provide for installation of five electrically-driven
pumps. The pumps for Minot Pumping Plant No. 1 would be verticalcolumn, two-stage, deep-well, turbine type and the pumps for Minot
Pumping Plant No. 2 would be horizontal, double-suction, centrifugal
type.
Basic characteristics of the pumping units would be as follows:
MINOT PUMPING PLANT NO. 1

Pump capacities (cubic feet per second)
Installed horsepower

Individual
Number of units

2___ _____ -- --- - - --- -------- - --- ---- -1_________ --- --- --- -------- -- -- -----2___ _____ - --- -- - -- - -------- -- -- - - - - --

Nominal

Rated

Total rated

Individual

Total

26.0
13. 0

27. 33
13. 67
6. 83

54. 66
13. 67
13. 66

450
250
125

900
250
250

6. 5

Total_ __ ______________________________ _____ -- -- -- - --- ----- -

81. 99 ------ -- - ---- -

1,400

MINOT PUMPING PLANT NO. 2

26.0
27.33
13. 0
13.67
6.5
6.83
Total_ ___________ ________ __________________ _____ ___ __---- --

54.66
13.67
13.66

250
150
75

81. 99 -------- ------

500
150
150
800
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. ~ize:s and nu!Il-'bers of pumping units were selected to provide flexibility m operatmg the plants. All pumps and motors would be installed
during the initial construction period. Installation of pumps and
motors in stages to meet city demands was considered but was found
to offer little economic advantage. The loss in pumping capability and
flexibility without all pumps installed and future operation and maintenance problems caused by different design and operating characteristics of pumps would more than offset any slight financial gain.
iMinot Pumping Plant No. 1 would be provided with a trash-rack
and vertical traveling moss screen at the inlet from Velva Canal to
prevent pumps and pipeline from being clogged by debris and aquatic
plants. Water would 'be pumped at this plant from Velva Canal into a
steel surge tank, 10 feet in diameter and 118 feet high. The water surface in this pressure regulating surge tank would be maintained during
pumping at an elevation high enough to permit the water to flow by
gravity through the 51-inch diameter Livingston Pipeline ·3.6 miles to
a steel-tank regulating reservoir at Minot Pumping Plant No. 2. A
flowmeter would measure the quantity of water diverted from Velva
Cm~
.
At the site of Minot Pumping Plant No. 2, water would be pumped
from the 62-foot diameter, 16-foot high steel-tank regulating reservoir
to a steel surge tank, 10 feet in diameter and ·65 'feet high, which is
required for pressure regulatory purposes. 'I'he wa-t er surface in the
surge tank would be maintained during pumping at -an elevation high
enough to permit the water to flow by gravity through the 51-inch
diameter Livingston Pipeline 5.7 miles to Livingston Reservoir.
Controls would be provided which would make operation of the
pumping plants automatic after they were started. Other construction
at the pumping plant sites would include gravel surfacing and chainlink fencing.
Access to Minot Pumping Plant No. 1 would be provided by a road
approach from a graveled county road and by the proposed Velva
Canal operation and maintenance road. Access to Minot Pumping
Plant No. 2 would be provided 'by constructing a road on the Minot
pipeline right-of-way for approximately 0.3 mile.
The foundation excavation for Minot Pumping Plant No. 1 will
consist of sand and clay (glacial till) but the plant will rest on a fairly
dense, compact clayey sand. The foundation and excavated material
for Minot Pumping Plant No. 2 would be in moderately plastic, stiff
clay (glacial till) material.
Missouri River Basin project power is available at Northern States
Power Co.'s Mallard Substation on the Garrison-Minot-Rugby 115-kv.
transmission line, about 2 miles south of the proposed Livingston
pipeline. Electrical :facilities would include a 2,000-kv.-a. substation
addition, a 1,500-kv.-a. substation at pumping plant No. 1, a 750-kv.-a.
substation at pumping plant No. 2, and about 12 miles of interconnecting 34.5-kv. transmission line. Private and public power suppliers in
the area would be alternative sources for power. Additional studies
would be conducted during the preconstruction period to determine
the most economical source of power and method of service.
Pipelines
Two pipelines separated by Livingston Reservoir would convey
water from Velva Canal to Minot. Livingston ·p ipeline would supply
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water to the reservoir from Velva Canal. Minot pipeline would convey
water from the reservoir to the Minot water treatment plant and
would be• •a sino-le-purpose
(municipal and industrial water) conveye,
ance facility.
.
.
Both pipelines would be reinforced concrete pressure pipe. Pipe
trenches would be excavated predominantly i~ glacial tifl which ~s a
compact, moderately plastic heterogeneous mixture of ice-deposited
clay silt sand and gravel with some cobbles and boulders. Some short
reaches ~f melt water channel deposits of silt, sand, and gravel, poorly
graded and somewhat bedded, would be encountered.
.
Livingston pipeline.-This pipeline would operate only durmg the
5- to 6-month irrigation season and would have a minimum of 3 feet of
earth cover to avoid interference with farming operations. The pipeline would be 51 inches in diameter and approximately 49,600 feet
long, and would operate under a maximum head of 104 feet. Design
capacity would be 78 c.f.s. The location for the pipeline provides a direct route utilizing .the highest location possible to reduce pipe costs.
Minot pipeline.-This single-purpose pipeline would be 51 inches
in diameter for approximately 11,740 feet from the dam to the city
limits and 48 inches in diameter for approximately 12,825 feet from
the city limits to the water treatment plant and would operate under a
maximum head of 98 feet. Design capacity would be 75 c.f.s. based on
the maximum daily demand in year 2020 (2.5 times the average daily
demand). Flow through the pipeline would be controlled by gates in
Livingston Dam outlet works and gates that would be provided at the
city water treatment plant. This pipeline would operate year round
and would be provided with a minimum of 7 feet of earth cover to prevent freezing. The location provides a route which allows the water
to flow by gravity from Livingston Reservoir to the city water treatment plant.
Livingston Dam and Reservoir
Livingston Dam would be a rolled, earthfill structure constructed
on Livingston Creek in section 17, T. 155 N., R. 82 W., about 2 miles
east of Minot. The maximum height of the dam would be about 64 feet
above streambed ( elevation 1569) . The crest of the dam would be 30
feet wide, have two curves, and would be about 2,570 feet long. The upstream face of the dam would be protected by a 24-inch thickness of soil
cement and the downstream face would be protected by a 5-foot thick
blanket of sand, gravel, and cobbles.
Exploration along the dam -a xis indicated a gently undulating bedrock profile with channel fill zones of pervious sand 'a nd gravel up to
58 f~et in dept~ to impervious clay till and impervious clay-shale format10nal material. A cutoff trench, excavated along the dam :a xis and
backfilled with rolled earthfill, would effectively control seepage beMath and around the proposed dam. This trench would be approximately 2,750 feet long and have a bottom width of 30 feet and a
maximum depth of 'a bout 58 feet below natural ground surface. With
th~s corrective work, no excessive seepage is expected from the reserv01r.
The reservoir inlet structure, consisting of a baffled apron drop
structure and exit channel, would be located near the left abutment
of the ~am and would deliver water from Livingston pipeline into the
reservoir. The outlet works would be located near the right abutment
1
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and would consist of an inlet structure with a sill at elevation 1,590, a
conduit with a 54-inch diameter steel liner, an outlet structure and
channel leading to Livingston Creek, two 4-foot by 4-foot high-pressure gates, and :a branch to serve the Minot pipeline. The outlet works
would also be used for diversion of Livingston Creek flows during
construction.
The morning-glory type spillway, which would be located to the
left (east) of the existing Livingston Creek streambed, would have an
uncontrolled crest at elevation 1621.5, a 13-foot 6-inch di·a meter conduit, a stilling basin, and an outlet channel leading to Livingston
Creek. A surcharge of 7,770 acre-feet (maximum water surface elevation 1626.5) in combination with a spillway discharge of 3,650 c.f.s.
•a nd a river outlet discharge of 500 c.f.s. would be provided to protect
against the inflow design flood which has a peak of 18,500 c.f.s. and a
42-hour volume of 12,900 acre-feet. Drawing No. 769-D-611 shows the
feasibility design for the dam.
Livingston Reservoir would have :a total capacity of 10,350 ·acre-feet,
as shown in the following tabu1'a,t ion :

Item

Elevation
(feet
m.s.l.)

Capacity
Area
(acres)

Acre-feet

Million
gallons

Crest elevation______ __________________ ______________________
1, 633. O ___ ____________________ . ___________ _
Maximum water surface__ __ _______ __ _____________ ____ _______
1,626. 5
1,971 ___ . ___________________ _
Surcharge space ____ ________________________________ ________________________________
7, 770
2,532
Top of active conservation ____________________________________
1, 621. 5
1,200 _______ ______________ ___
Active conservation ___________________________ ________________________________________
9,970
3, 249

___________- - ---

Tifcu~!n~g~\~~ ~~~~~==== === ==== === ===== ==== === ======= ==== == =- ___=·-~~~~~
~~
-iio-- ---- --- --36
6~~d
-=~~~~--~ --________~~ _------0

=== =
=== ============
========. ==
========
===- __ 1,569.0 __ _________ ____ ____ _____
·210--_____
-- -- ____
-----87
Stream~t~~=~t~~~~~=
bed ___ _____ ____
________
_______________
_____
._______
___
1

Minimum conservation pool from 2020 operation : elevation, 1605.8; area, 184 acres.

Land .requirements for Livingston Dam and Reservoir, excluding
additional requirements for recreation, fish, and wildlife, ·were estimated at 3,880 acres. Geologic studies of the reservoir area show that
the slopes of the valley walls are stable, with no existing or potential
slide areas in evidence. Features within the reservoir area that would
have to be relocated include 3.. ..iles of a Great Northern Railway
Co. branch line that serves Minot Air Force Base, 2.7 miles of a secondary road designated as F.A.S. 376, and 3.4 miles of a Portal Oil Co.
10-inch-diameter crude oil pipeline. The abandonded pipeline would
be removed from the reservoir to avoid possible pollution. After the
Great Northern Railway branch line is relocated the existing roadbed
would be used as an access road to the dam. Clearing of the reservoir
would involve removing shelterbelts, fences, and abandoned buildings.
RECREATION PLAN

The Bureau of Outdoor Recreation estimates that with installation
of initial stage recreation facilities at Livingston Reservoir, the average annual use for the first 10 years of project operation would be 57,000
general recreation days and 41,500 fisherman days. Optimum visitation of 350,000 general recreationists and fishermen would be reached
by project year 35 and would continue throughout the life of the
project.
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Facilities planned for the reservoir ~?uld _provid~ boating, s~imming, picnicking, fishing, sig~tseeing, hikmg, ice skatmg, snow skiii:ig,
ice fishing, and tourist campmg. (~omplementary access roads, trails,
parking areas, campgrounds, picme: areas, boat _d?Cks, :water ~upply
facilities signs markers landscapmg, an admmistrative umt, and
'
'
' be reqmre
. d.
winter sport
facilities
would
.
Total costs for the development of recreation would be as follows :
Construction costs_____ _________________ __ ___________ _____ _______
Additional land outside of reservoir take area (610 acres)---------Contingencies and noncontract costs______ _________________________

$765,000
183,000
229, 000

Total costs ________________________________________________

1,177,000

Recreation facilities for the initial level of development through
project year 10, including acquisition of land, would cost $498,000. The
remainder of the facilities would be installed as required from project
year 11 through project year 35.
The Bureau of Outdoor Recreation recommends in its report that:
(1) Project purposes include general outdoor recreation and fish and
wildlife; (2) development be in accordance with the plan outlined
in its report and coordinated with the North Dakota State Outdoor
Recreation Plan ; ( 3) the National Park Service be given the opportunity to investigate historical and archeological values of the area
after authorization; and ( 4) the area's urban, rural, and aesthetic
values be preserved through the use of easements, good zoning, and
preauthorization land use planning.
These recommendations are compatible with the plan of development for the Minot extension and would be considered in further
planning and construction of the project.
FISH AND WILDLIFE PLAN

A fish and wildlife analysis of Livingston Reservoir conducted by
the Bureau of Sport Fisheries and Wildlife indicated that good fishing
could be expected at Livingston Reservoir during the first 30 to .40
years with intensive management and stocking. Fishing value would
decrease after that period if the reservoir levels were drawn down
drastically in the winter and early spring by municipal and industrial
demands. However, final operation studies demonstrate that the reservoir level can be held above elevation 1605 and this would lessen any
detrimental effects on fishing. Average annual fisherman-days provided by the reservoir with operations maintained above this recommended minimum pool elevation would be 35,400. Development of two
reservoir access areas with parking spaces; water supply, sanitary, and
trash disposal facilities; and a boat ramp, would increase use by 4,300
fishprman-days annually. Appropriate zoning of the reservoir surface
1\ ould increase use by 1,800 fisherman-days for a total possible average
annual use of 41,500 fishermen-days. The additional facilities required
by fishermen :for access and comfort are included in the recreation plan.
Appropriate zoning could be effected through management plans
which would be prepared during the preconstruction and construction
stages of Minot extension.
Livingston Reservoir does not exhibit potential for expansion of
public hunting facilities because of its proximity to an expanding
metropolitan -area. However, natural habitat areas, inundated by the
1
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reservoir, would be replaced by planned habitat plantings on about 12
acres of land within the reservoir takeline. Estimated cost would be
$4,000, which would be considered a mitigation cost. The habitat area
could be maintained for a cost of about $150 annually, which would
also be a ·p roject cost.
in addition to recommending inclusion of public access facilities and
adoption of a zoning p1an, the Bureau of Sport Fisheries and Wildlife
recommended that: ('1) public access be permitted commensurate with
safety and operation requirements, protection of public property, and
water quality standards for munjcipal use; (2) reservoir operation
plans be developed, if feasible, to assure that reservoir water levels
never drop below elevation 1605; and ('3) as much existing wildlife
habitat as possible be maintained and establishment of 12 acres of
planned wildlife plantings on project lands.
Project plans include provision~ for these recommendations or indicate how these recommendations can be accomplished.
COSTS

0 onstruction
Total estimated construction and project cost for Minot extension,
Garrison diversion unit,is $12,250,000 as shown on the Basic Estimate
DC-1 Summary. New Federal funds in the amount of $12,141,000, excluding cost of feasibility investigation, would be required for development of the extension. Cost estimates are based on January 1969 prices.
Rights-of-way
Cost estimates for lands and rights are based on purchase of rightsof-way in fee and severance damages for Livingston Dam and Reservoir, pumping plants, road relocation, and railroad relocation. Also
included are permanent and temporary easement costs for Livingston
pipeline, for Minot pipeline from the dam to the city limits, and for
the oil pipeline relocation.
Existing rights-of-way within the city of Minot will be used for the
Minot pipeline from the city limits to the water treatment plant.
Rights-of-way costs for distribution lines and substations are included in the field costs for these facilities. Field costs for recreation
facilities also include costs for land and rights.
Operation, maintenance, and replacement
Annual costs for operation, maintenance, and replacement
( 0.M. & R.) were estimated for project :facilities, recreation, and fish
and wildlife. An assigned 0.M. & R. cost of $20,000 is also included
in the 'annual costs. This assigned cost represents Minot extension's
share (31.49 percent) of the $63,800 O.M. & R-. cost allocated to the
municipal and industrial water of the Garrison diversion unit.
It was assumed that the city of Minot would be the operating entity
for the water conveyance and storage features of Minot extension. As
such, the city would be responsible for personnel, equipment, supplies,
and the electrical-energy costs 'associated with operation and maintenance. The city would pay all of the O.M. & R. costs of the basic system initially but would be reimbursed by the Federal Government for
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the joint O.M. & R. costs allocated to fish and wildlife and to recre8ition,
which are considered nonreimbursable under provisions of the Federal
Water Project Recreation Act (79 Stat. 213).
.. .
Annual O.M. & R. costs of water conveya1.1ce 'a n~ stor~ge fac~l~t~es
are based on experience with similar Missouri-Souris proJect facilities
and_ facilities on other project~. Costs from 1968 data w~re used where
available and other costs were mdexed to 1968. Appropriate local wage
rates 'a re reflected in the estimated costs.
Costs of electrical energy for pumping were based on the assumption
that the city of Minot would purchase additional firm power on a
seasonal basis from the Bure'au of Reclamation. Estimated cost of this
power would include demand charges of 1 doHar per kilowatt of contract rate of delivery per month or 1 dollar ~er peak kilowatt, whichever is greater, and energy at 3 mills per kilowatt-hour. These rates
were used to estimate power costs but the actual supplier and rates
would be dependent 11pon ·a greements which would be made during
the preconstruction period. Energy requirements were estimated for
various time periods over the 100-year life of the project. Initial energy requirements for pumping 9,180 acre-feet would be 2,285,000
kilowatt-hours. Ultimate energy requirements would be 5,714,000 kilowatt-hours. The demand charge is based on a contract rate of delivery
o:f 1,604 kilowatts per month.
Project 0.M. & R. costs 'a ssociated with water conveyance ·a nd storage facilities would vary with the amount of water pumped. Pumping
plant maintenance and electrical energy costs would increase with
water use. 0.M. & R. costs o:f fixed items such as the dam and reservoir,
pipelines, substations, and distribution lines would remain r elatively
constant throughout project life. Initial and ultimate project 0.M. & R.
costs would be as follows :
Item

Initial

Ultimate

Pumpi,1g plant maintenance______________ ___________________ ________ __ __ ____ _____
Electrical energy _______ __________ _______ _____ _____________________ ______________

$26,200
5, 000
6,900

$26, 200
7,600
17,200

Total costs___ _________ __ ________ ___ ____ _____ ___ ________ ____ ________ __ ___ _

38, 100

51,000

Fixed items ___ ________ ___ ____ ______________________________ _____ __ _____________

--------

O.M. & R. costs for recreational facilities would vary over the early
life o:f the project. Operation costs are estimated at $0.10 per recreationist or fisherman visit. Maintenance costs are estimated at 3 percent o:f investment in recreation facilities excluding land costs. Replacements for recreation :facilities are estimated on a 25-year sinking
fund at a 4% percent rate o:f interest. Annual 0.M. & R. cost for the
initial 10-year period would be about $26,000. As visitation increases
and additional recreational :facilities are required, the 0.M. & R. costs
will also increase. Ultimate visitation and development would occur
about the end o:f project year 35, at which time annual O.M. & R. costs
will be about $86,000, and would remain at approximately this level
for the remainder o:f project li:fe.
For use i!1 the economic and fin_ancial analysis part o:f this report, the
annual eqmvalent cost o:f recreat1011 O.M. & R. :for the 100-year period
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o_f analy~is is $47,800. The annual equivalent cost of O.M. & R. assoe1ated with water conveyance and storage f acilities is $43,900.
Annual O.M. & R. costs for initial and ultimate project conditions
are summarized as follows:
Amount

Item

Initial

Ultimate

$4,000
150

$4,000
150

6, 000
6, 900
9, 600
1,800
7,900
1,750

8, 600
17, 200
9, 600
1, 800
7,900
1, 750

Subtotal_ ______ ___ ___________________________ ___________________________ _
Assigned (Garrison Diversion Unit) _______________________________________________ _
Recreation facilities _____________________ __________ _____________________________ _

38,100
20, 000
26,000

51,000
20,000
86, 000

Total annual O.M. & R__________________ ________ _______ ____________ ___ ____ _

84, 100

157, 000

Livingston Dam and Reservoir :
Operation, maintenance, and replacement__ ___________________________________ _
Fish and wildlife mitigation __ ______________ __________________________________ _
Minot Pumping Plants Nos. 1 and 2:
Operation, maintenance, and replacement_ _____ ___ _________ _____ _____ _________ _

i1;E1/r~~l~i;i{~~ifi}~mffl/\\I\/\/l//\/

-------

CONSTRUCTION SCHEDULE

Preconstruction work and construction of project facilities for Minot
Extension, Garrison Diversion Unit, would require about 3 years for
completion with initial stage recreation-fish and wildlife facilities
scheduled for completion one-half year later. E stimated program requirements are shown on the control schedule, form PF-2.
After authorization and appropriation of funds, approximately 1
year would be directed to advance planning and preconstruction activities in preparation for the star t. of construction. Design dat a would be
collected, including further detailed surveys and geological and material explorations. Studies would be made of alternatives for design
of structures, including consideration of housing pumping units and
control equipment in metal buildings, providing for additional fencing,
and sumps to dewater stilling basins, and the possibility of a multilevel
outlet from Livingston Reservoir into Minot Pipeline. Designs and
specifications would be completed later in the first yea.r, right -of-way
would be purchased and invitations to bid for the first construction
contracts would be advertised early in the first construction year. Construction work on the dam and reservoir, pumping plants, and pipelines would be accomplished in one stage requiring over 2 years time
beginning in the second quarter of the first fiscal year of construction.
Initial stage construction work on recreation facilities would take
place concurrently with storage and supply works construction but
would be completed one-half year later.
Initial water would become available to the city of Minot after pump
tests and reservoir filling had taken place near the end of the third
fiscal year.
PUBLIC HEALTH AND WATER QUALITY CONTROL ASPECTS

The provision of an adequate municipal water supply £or Minot
would significantly benefit public health conditions. Water furnished
from the Missouri River through the Garrison diversion unit would,
with usual treatment, meet all public drinking water standards. Aver-
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age data showing the constituents of Missouri River water are included in water supply information, part V.
The Federal Water Pollution Control Administration (FWPCA)
reviewed the project plan and facilities and found that the proposed
project would not affect the quality of water in streams in that area.
Release of project water to the Souris River for effluent dilution is not
required because Minot has adequate sewage treatment facilities. All
functions of the proposed project would be in compliance with water
quality regulations established by Executive Order No. 11288. The
FWPCA letter report and comments are appended.
The Federal Water Pollution Control Administration has recommended that the development of waterfow1 nesting areas in the reservoir area be discouraged in order to prevent the possible occurrence of
taste and odor problems in the water supply. Control of recreation
use, particularly in the vicinity of the outlet to the public water supply, will also be required.
The Bureau of Sport Fisheries and Wildlife has recommended in
its report that reasonable public access be permitted around the shore
and on the Livingston Reservoir water surface commensurate with
public health standards for municipal water supply impoundments.
Fencing of pumping stations and conveyance of water by pipeline
will protect the water supply from contamination between Veiya
Canal and Livingston Reservoir.
-·
It is expected that appropriate agreements and operating plans can
be arranged jointly with interested agencies, during the preconstruction and constructlon periods, regarding specific measures to be .con-·
sidered in design and management of wild] ife and recreation areas.
Also, appropriate measures for the control of mosquito sources will
be considered during the design and construction of the project and
made a part of a management plan. A letter report by the Public
Health Service covering this aspect and recommended procedures and
practices to safeguard public herulth during construction and operation of the project is appended.
MINERAL DEPOSIT EVALUATION

A review of the project plans and the project area was conducted by
the Bureau of Mines to determine the nature of any existing mineral
deposits. This review resulted in the conclusion that construction of
Livingston Dam to form Livingston Reservoir would not adversely
affect any future petroleum or mineral exploration and develo:(>ment
in the vicinity. The Bureau of Mines letter report is included m the
material appended to this report.

PART V-WATER SUPPLY

The water supply portion of this report presents information about
the existing water supply and a discussion of the operation of project
facilities which would assure the city of Minot a full municipal and
industrial water supply until the year 2020.
PRESENT SUPPLY

The city of Minot receives its present water supply from the Souris
River and wells in the area. As population and water use have increased, the reliability of these sources has diminished and the problem
of a dependable, adequate water supply for the city has become more
critical.
The Souris River rises in the southeastern portion of the Canadian
province of Saskatchewan and flows in a southeasterly direction across
the International Boundary into North Dakota. After crossing the
Canadian border, it continues to flow in the same southeasterly direction through the city of Minot to Velva where its general direction
of flow changes to the northeast until it reaches Towner. Here the river
curves gradually and flows in a northwesterly direction until it again
reaches the Canadian border on its way to Hudson Bay.
At Minot ( about 128 river miles downstream from the border), the
Souris River drains an area of approximately 11,300 square miles of
which 7,100 square miles are probably noncontributing. The average
annual flow of the river at Minot from 1903 to 1967 was 97,740 acrefeet, of which approximately 68,800 acre-feet originated in Canada,
14,000 acre-feet were discharged from the Des Lacs River, and about
15,000 acre-feet were contributed by local inflow along the river -and
by small tributaries between the Saskatchewan border and Minot.
Flows of the Souris River have been highly variable in the past, with
annual runoff at Minot ranging from a low of 940 acre-feet in 1931
and 1937 to about 686,000 acre-feet in 1904. The flow from 1931 to 1942
averaged only 16,300 acre-feet annually, and there are extended periods
of no fl.ow in the river. The river usually reaches its peak flow in April
or May, due to snow.melt and general spring rain, and falls to its lowest
stage during the winter.
In years of critical water supply, Minot cannot depend upon the
Souris River for any municipal and industrial water. Over-appropriation of water in the river leaves little or no fl.ow available for withdrawal by Minot during periods of extreme or extended low flow.
Flows could be further reduced if Canada exercises its right to onehalf the water originating in Saskatchewan. Even if more water were
available, its quality would be very poor during low flow periods.
In addition to Souris River water, Minot also obtains municipal and
industrial water from wells in the area. Receding ground water levels
around the city have decreased the prospective supply from these wells
to about 2.5 million gallons per day. In an effort to stem the falling
(62)
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ground water in its well field, the city has been diverting water from
the Souris River to recharge the aquifer. This recharge was partially
successful in reducing drawdown of the ground water level, but the
aquifer yield could not be increased. Further development of the presently used aquifer or others being investigated hold little promise for
an adequate long-term supply to the city. The expense of chemical
treatment of this water also limits its future usefulness.
Several studies have been made on obtaining additional water from
the Souris River for Minot's municipal and industrial supply. One of
these studies considered holding water in Lake Darling, a 115,000acre-feet U.S. Fish and Wildlife Service reservoir located on the
Souris River about 20 miles above Minot. This water would have been
held for Minot's use while releasing water from Velva Canal of the
Garrison diversion unit for existing downstream rights. Another investigation considered the construction of another reservoir on the
Souris River or the enlargement of Lake Darling to catch high spring
runoff and hold it for use by Minot during the critical supply period
at the end of the summer. Neither of these plans would give Minot a
dependable or adequate future water supply. A review of historical
runoff in the Souris River and projected future operations demonstrated that even if the entire runoff from the drainage basin could be
controlled, it would be inadequate for meeting the existing rights and
projected demands on the river during an average water supply year.
Development of a suitable ground water supply or additional water
from the Souris River does not offer a long-range solution to Minot's
municipal and industrial water needs. Importation of Missouri River
water by the Garrison diversion unit appears to be the best method for
supplying the city's future requirements.
WATER QUALITY

Minot's water treatment costs are high because of the hardness and
quality characteristics of its existing water supply. Ground water from
the city's main wells has a total dissolved solids content of about 915
parts v.er million with total hardness ( as CaC0 3 ) of about 410 parts
per million. Water drawn from other minor production wells improves
these characteristics somewhat. Water taken from the Souris River has
an average total dissolved solids content of about 780 parts per million
but may rise above 1,500 parts per million during low fl.ow periods.
Currently it costs the city about 6 cents to treat 1,000 gallons of water.
Missouri River water contains about 470 parts per million of total
dissolved solids before it enters Lake Sakakawea. As the water would
pass through Lake Sakakawea, Audubon Lake, McClusky Canal, Lonetree Reservoir, and Velva Canal, it is estimated that the total dissolved
solids content would increase to about 540 parts per million, due primarily to evaporation from the lakes and Lonetree Reservoir. The cost
for chemical treatment of this water would be about 4 cents per 1,000
gallons based upon present treatment costs of similar Missouri River
water at Bismarck and Williston, N. Dak.
The following tabulation shows average water quality analyses for
water presently used in Minot and for Missouri River water as well as
a projected analysis for deliveries from Garrison diversion unit.
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(Units: parts per million)
Minot's water supply
Five ma in
wells

Constituent

+~~I
~i~l~r~__-~~i~_s:==
======
== == == ===
=== == == ==== ===
Total hardness
__ ________
__________
______________
_
Iron ______ __ _____ ______ _____ _____ _____________ ____ _

Present 1
Missouri
River water
quality

Deliveries
from Garrison
Diversion
Un it

915. 0
780
472. 0
540
410. 0 _-- -- ____-- ____ -- -- ____ -- ___
230
llO. 0
316
244. 0
214
3. 0
. 05 - -- -- -- ------. 025
.5
. 04 --------------------------- 4. 0
65
__ --- ---- -- -- _
55
24. 0
37
-------------21
165. 0
151
61. 0
65

Manganese ____ ________ ____________________________ _
Calcium ___ __________ __ __ _____ ____ __ __ ____________ _
Magnesium __ _______ __ ___________ ___ ______________ _
Sodium ___ __ ____ __ _________ _______________________ _
Fluoride ____ _____________ __ _______ ________________ _
Chloride __ ________________________________________ _
Sulfates __ ____ _____ ____ __ ___ __ __ ________ __________ _
Bicarbonates ______________________________________ _
Carbonates ______ ____ _______________ ___ __ __________ _
Nitrates ___ _____ ___ __ ______________ _______________ _

pH _- --- ----_________
-- -- -- -- __
---------------- -- -- ------ _Conductivity
___--_____
____ ________________

Sou ris River
water

- -------97:.80
4-4.4 -_-----------------________ _____
IO
163. 0
216
-- - ----------182
403. 0
444
199. 0
205
48. 0 - - - -- ----- _-- -- -- -- _----- -- ---- -- _- - -----10. 0
2. 3 -------------2
3

2

7. 5

909. 0

3

2 7. 8
I, 182

2

7. 4 ------- - ------

3715. 0 ___________ ___

1 Missouri
2
3

River near Williston, N. Dak.-1964-65.
Dimensionless.
Ohms.

WATER RIGHTS

The North Dakota State constitution provides that "All flowing
streams and natural water courses shall forever remain the property
of the State for mining, irrigating, and manufacturing purposes.:' The
State water commission is responsible for the administration of surface
and ground waters in the State according to the Century Code, which
provides: "In all cases where the use of water for different purposes
conflict, such uses shall conform to the following order or priority :
domestic use; livestock use; irrigation and industry; fish , wildlife,
and other outdoor recreational uses." North Dakota water laws are
based upon the doctrine of appropriation, or priority in time shall give
the better right. Beneficial use of the water is the basis, the measure,
and the limit of the right.
In addition to North Dakota State rules and regulations, the Souris
River is governed by the Souris River reference ( 1940) to the International Joint Commission with Canada. This document provides
t hat Saskatchewan may retain one-half the water originating there
and that North Dakota must allow a regulated flow of 20 cubic feet
per second into Manitoba during the June to October period each
year. During periods of severe drought when 20 cubic foot per second
cannot be delivered, North Dakota is to provide flows to Manitoba
as the International Souris River Board of Control determines for the
primary objective of meeting human and livestock needs.
The city of Minot presently has surface water rights for about
14,000 acre-feet per year under normal conditions and ground water
permits for approximately 4 million gallons per day of municipal and
industrial water. During most of the year, these rights are only "paper
rights" since the river is much overappropriated during low flow periods and the ground water reservoir yields only about half of the permitted amount. As stated before, these rights should be maintained by
the city for emergency water supply purposes.
Water rights for the delivery of Missouri River water to Minot were
included in the original application for the Garrison diversion unit.
Application No. 1416 by the U.S. Bureau of Reclamation for 3,145,000
acre-feet of Missouri River water to be used in 25 counties of North
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Dakota was approved by the North Dakota State Water Commission
as of February 19, 1967. This claim includes the necessary water for .
delivery to the city of Minot through the McClusky and Velva Canals.
LIVINGSTON CREEK

Livingston Creek is a small intermittent tributary of the Souris
River. The streambed has a very flat slope and meanders erratically
over the basin flood plain. Flows of the creek are small and occur d uring the spring runoff period or after a large summer rainstorm. Any
natural flow occurring above the proposed Livingston Creek Dam wiH
be discharged from the reservoir to satisfy any existing downstream
water rights. There are at present no diversions or water rights to
flows of the creek.
The Livingston Creek drainage covers an area of 19 square miles
and extends about 12 miles northwesterly from the proposed damsite.
· Most of the land in the basin is used ·f or the production of small grains,
hay, and cattle. Areas of the basin not under cultivation are generally
covered with grass and some short brush.
Sediment yield from the Livingston Creek drainage would be negligible because of the tight glacial till soils in the area and the small
flows in the creek.
-~
OPERATION STUDIES

Operation studies of Minot extension were prepared to il1nstrate
typical deliveries of water from Velva Canal of Garrison diversion
unit to the city for municipal and indu:strial uses through year 2020.
These studies simulated normal operation of the supply and delivery
facilities for the anticipated initial delivery conditions in 1974 and
for future 10-year intervals from 1980 to 2020.
The following criteria were used in the operation studies :
(1) Sufficient water would be available in Velva Canal during the
irrigation period of every year to meet the annual municipal and industrial needs of Minot. Livingston pipeline and associated pumping
plants would be operated from approximately the first of May through
the middle of October to deliver Minot's annual water supply to Livingston Reservoir.
(2) Water supply for Minot for the period from October 15 through
.April would be drawn from Livingston Reservoir. Refill of the reservoir would then begin utilizing full capacity of the pumps throughout
the May 1-October 15 operating season as required to maintain the
maximum possible reservoir elevation. During the periods of maximum irrigation demand, diversions to Livingston Reservoir would be
reduced to avoid conflict with peak irrigation water deliveries from
Velva Canal.
(3) All units of the Minot pumping plants would be installed during the initial construction of Minot extension.
( 4) No local inflow to Livingston Reservoir would be relied upon
for meeting the conservation needs imposed on the reservoir.
( 5) Gross evaporation losses from Livingston Reservoir were estimated from regional figures derived by the Minnesota Resources Commission. Annual net evaporation from the reservoir would be about 1.7
acre-feet per surface acre of water with a monthly distribution in acre-
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feet per ·acre as follows: April, 0.1; May, 0.1; June, 0.2; July, 0.4;
August, 0.4; September, 0.3; and October, 0.2.
(6) Water delivered from the Minot extension of the Garrison diversion unit would completely replace the present municipal and industrial supplies to Minot. Souris River and well water would be used
as r~quired to retain existing water rights and as standby for emergencies.
Following is a summary of typical operation conditions for Minot
extension from 1974 through the year 2020:
Acre-feet

Diverted from Velva Canal. ... _____ _____ ____ __ ___
Livingston pipeline seepage loss _______ . __________
Inflow to Livingston Reservoir. ___________________
Deliveries to Minot_ __ ____ ______ _____ _______ ____ _
Livingston Reservoir evaporation ___ _______________
Maximum reservoir drawdown (feet) _____ _________

19.74

1980

1990

2000

2010

2020

9', 180
0

11 , 760
0
11, 760
9,850
1, 940
3. 3

15, 005
0
15,005
13,120
1,885
6. 2

17, 882
0
17,882
16, 090
1,792
8.4

20,604
0
20,604
19,080
1,524
11.4

22,953
0
22,953
21, 740
1,213
15. 7

9,180
7,200
1,980
3. 0

It was concluded from these operation studies that the facilities
proposed for Minot extension could supply the city of Minot with its
municipal and industrial water through the design year 2020 with no
shortages. The detailed monthly operations shown as tables 1 and 2
illustrate the typical operation that would be expected under initial
conditions in 1974 and under ultimate conditions in the year 2020.
From these tables it may be seen that the maximum dra.wdown of
Livingston Reservoir would occur at the end of April each year and
before refill operations would be started. Drawdown would vary from
a maximum of 3 feet in 1974 to 15.7 feet in 2020. Drawdown in excess
of 16.5 feet could cause loss of the reservoir's fishery and thus affect
fish and wildlife and recreation developments. Thus, a minimum reservoir elevation of 1605.8 would be maintained throughout the life of the
project, which exceeds the minimum recommendations of the Bureau
of Sport Fisheries and Wildlife.
TABLE 1.-LIVINGSTON RESERVOIR OPERATION TO DELIVER 1974 WATER SUPPLY TO MINOT, N. DAK.

Units: Acre-feet)
Livingston Reservoir operation
Diversions
from
Velva
Canal

Livingston
pipeline
seepage
losses

Inflow
from
Livingston
pipeline

Water use

End-of-month
Reservoir
content

Water
surface
elevation

October 15 ____________ . .. _____________________________________________________________ _ 110,350
October 15-31- ____ __ ____________ -- -- -- -- -- -- -- -- ___
260
120
380
-380
9,970
November _____ ____________ ____ -- ------ -- -------- -- 432
O
432
-432
9,538
December_ __________________________ _______________
432
O
432
-432
9, 106

1621. 5
1621. 2
1620.8
1620. 4
1620. 0
1619.6
1619. 2
1618.5
1621. 5
1621. 5
1621. 5
1621. 5
1621. 5
1621. 5

Month

April. __________ _______ ____ ___ ---- ---- -- -- -- --- ---t:Jr!i~l~==
== ==========
==== == == ====0===========
May_ ________
________ ======
3,728
3,728
June__ __ _____________
960
0
960
July______ ___ ____ ____
l, 560
0
1,560
August__ ________ _____
1,524
0
l, 524
September.__ ___ __ __ _ 1,044
0
1,044
October 1- 15__ ___ ___ _
364
0
364
Total__ ____ __ __
1
2

9,180

Reservoir full.
Lowest reservoir content during year.

0

9, 180

Delivery
to Minot

iH

Eva poration

468
576
720
l , 080
l, 044
684
244

94
86
240
480
480
360
120

7,200

l, 980

g

Total

Change
in
storage

8,674
8,278
7,846
-562
27,284
+3, 066 I 10,350
0 110,350
0 I 10,350
0 110,350
O 110, 350
0 I 10,350

iH =m

562
662
960
l, 560
1,524
1,044
364

9,180 - -- -- - - --------- - -- ---- - -- - - --
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TABLE 2.-LIVINGSTON RESERVOIR OPERATION TO DELIVER 2020 WATER SUPPLY TO MINOT, N. DAK.
(Units : Acre-feet)
Livingston Reservoir operation

Month

Diversions
from
Velva
Canal

Livingston
pipeline
seepage
losses

Inflow
from
Livingston
pipeline

End-of-month

Water use
Delivery
to Minot

Evaporation

Total

Oct. 15 _______ __ __ ________ _____________________________ ___ ____ _____ _______ __ _____ ___ ____
Oct. 15-31._ _______ __ ________ ___ _____ ____ _____ ___ __ _
786
120
906
-906
November__ __ ___ __ ________ _____ _______________ ____ _
1,305
0 1,305 -1, 305
December_____ ______________ __ ___ __________________
1, 305
0 1,305 -1,305
January__________ ___ __________ ___ __________________
1,304
O 1,304 -1, 304
February __ ________ ______ _____ ___________ __________ _
1,196
0 1,196
-1, 196

:;!i,~==
==== =====================================
May ____________
_____
4,735
0
4,735==
June____ __ _____ ______
July _________________
August.. _____________
September.__ _____ __ _
Oct. 1-15_____________
Total. _______ __

4, 580
2,360
4,735
4,580
1,963

O
0
0
0
0

22, 953

0

u~

4,580
2,360
4, 735
4, 580
1,963

1, 739
2, 174
3,261
3, 152
2,065
736

22,953

21,740

3g

18
109
322
249
248
109

u~:

1,757
2,283
3, 583
3,401
2,313
845

Reservoir
content

Water
surface
elevation

10,350
9,444
8, 139
6, 834
5,530
4,334
3,030
21,579
4,557
6, 854
5,631
6,965
9,232
I 10,350

1,621.5
1,620. 7
1,619. 5
1,618.0
1,616.1
1, 614. 1
1,611.2
1,605.8
1,614.5
1,618.0
l, 616. 3
1,618.2
1,620.5
1,621. 5

Change
in
storage

=Ut

+2, 978
+2, 297
-1,223
+1, 334
+2,267
+l, 118

t

1, 213 22,953 ----- - - - ----- - -- - ---- -- - - -- - --

1 Reservoir full.
2 Lowest reservoir content during year.

It should 'be recognized that there are a number of water supply
sources and opportunities which h ave not entered into the operation
studies but utilization of which could enhance the tptal operational
efficiency. The city's existing water supply from the :Souris River and
from wells, while not of the best quality and with limited yield capability, would not be rubandoned and could be reactivated to lessen
demands on Livingston Reservoir. Another ground water aquifer is
current ly being investigated by the city as a source of municipal and
industrial waiter on ·a n interim basis until the Livingston Reservoir
system is completed and this too, if developed, could be used to dampen
extreme drawdown of the reservoir. Operation of Velva Oanal beyond
the irrigation ·p eriod projected here is entirely feasible in many years
and such operation would provide opportunities for additional pumping into Livingston Reservoir. In summary, the operation ta!bles presented in this report depict the most adverse water supply conditions
that can be expected.
STREAM DEPLETION

All of the water delivered to :M inot 'by the Garrison diversion unit
would be a depletion of the fl.ow of the Missouri River. Canal seepage,
return flows , and sewage effluent would discharge into the Souris River
and the Hudson Bay drainage. This depletion is ·a ccounted for in the
plan for the Garrison diversion unit.
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PART VI-ECONOMIC AND FINANCIAL ANALYSIS

The development of the Minot extension of Garrison diversion unit
is economically justified. Benefits from municipal and industrial water
and recreation, fish, and wildlife would exceed associated Federal project costs by a ratio of 1.70 to 1.
Financial feasibility is dependent on proposed repayment contracts
to cover reimbursable costs allocated to municipal and industrial water
and recreation, fish, and wildlife functions.
ECONOMIC J"USTIFICATION

The economic justification of the project was based on a comparison
of tangible benefits with associated Federal projects costs, using a 3year construction period, 100-year period of analysis, and a 43/g percent
rate of interest.
Project benefits
The following annual benefits would accrue as a result of construction
of the Minot extension :
Municipal and industrial water ___________________________________ $1,501,000
Recreation
---------------------------------------------------141,800
Fish and wildlife________________________________________________
41,500
Total annual benefits ______________________________________

1,684,300

Municipal and industrial water.-Municipal and industrial water
benefits are the estimated cost of the most likely single-purpose alternative plan that would provide an equivalent water supply to the city of
Minot in absence of a Federal project.
The plan for conveyance of water from Audubon Lake ( discussed in
part IV) is the most likely single-purpose alternative plan to provide
wat~r to the city of-Minot. Benefits from this plan are derived assuming
private funding at a bonding rate of 5.5 percent. A 3-year period of
construction and a 30-year period of analysis are used in the derivation
of the municipal and industrial water benefits. Assigned costs include
a proportionate share of the costs of Garrison diversion unit; interest
during construction; and operation, maintenance, and replacement
costs of Garrison diversion unit allocated to municipal and industrial
water as presented in part IV, Plan of Development.
Municipal and industrial water benefits are derived as follows:
Item

Investment costs :
A.mount
Facilities from Audubon Lake to Minot_ ______________________ $14,314,000
Interest during construction________________________________
1,181,000
Assigned project cost_______________________________________
4,503,000
Interest during construction_____ ____________________________
312, 000
Total investment________________________________________
Annual costs (benefits) :
Investment ----------------------------------------------Operation, main:teruance and replacement (including
$20,000 assigned)________________________________________
Annua'l municipal and industrial water benefits_____________

(68)

20, 310, 000
1,397,500
103, 500
1, 501, 000
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Recreation.-The appended feasibility report on the potential of
recreational development at the Livingston Reservoir site was prepared by the Bureau of Outdoor Recreation. Recreation will be mainly
of local significance. The Minot area is a high-intensity, recreation-use
zone and needs will have to be met through additional recreation
development programs. Optimum recreation use is planned at the
Livingston Reservoir site to meet some of the water-oriented and
water-associated recreation needs of the ·area.
Annual general recreation use will range from an initial 57,000 visits
to 308,500 in the 35th year. A base value of $0.95 per general outdoor
recreation visit has been est ablished for the project. Annual recreation
benefits would be $141,800.
Fish and wildlife.-The Bureau of Sport Fisheries and Wildlife
evaluated benefits to fish ·a nd wildlife for the Livingston Reservoir site.
Annual fishery benefits would be $41,500 based on 41,500 visits. There
would be no enhancement of wildlife resources or habitat; therefore, no
benefits would ·accrue to wildlife purposes.
Oosts
Federal costs involved with constructing and operating the Minot
extension include ( 1) project costs and :a ssigned costs; ( 2) interest
during construction; and ( 3) operation, maintenance, and replacement
costs.
Cost of facilities required to deliver water to the city of Minot
through Livingston Reservoir and costs of specific recreation facilities
are shown in detail in a preceding chapter. Assigned costs are an
allocated share of the costs of constructing the initial stage of Garrison
diversion unit.
Annual operation, maintenance, and replacement costs are estimated
to be $84,100 initially and $157,000 under ultimate project conditions.
The annual equivalent cost for the 100-year period of analysis is
$111,700.
Annual costs are derived in the following tabulation using an interest
rate of 4% percent and a 100-year period of analysis.
1

Project investment:
Amount
Project costs _______________________________________________ $12,250,000
Interest during construction_________________________________
929, 000
Less preauthorization invesUgations (including $13,000 interest
during construction)______________________________________
122,000
Assigned costs (including $312,000 interest during construction)----------------------------------------------4,815,000
Net project investment ___________________________________
Annual equivalent cost:
Net project investment_____________________________________
Annual operation, maintenance and replacement costs:
Piroject -----------------------------------------------Assigned----------------------------------------------

17,872,000
878,800
91,700
20,000

Total annual cost_____________________________________
990, 500
Benefit-cost ratio
The benefit-co~t ratio for the Minot extension is derived as follows:
Total annual benefits ____________________________________________ $1,684,300
Total annual cost-----------------------------------------------$990,500
Benefit-cost ratio________________________________________________
1.70
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COST ALLOCATION

The proposed plan of developmen t fo r t he Minot extension would serve the
purposes of municipal and industrial water supply and recreation-1ish and wildlife enhancement. Recreation-fish and wildlife enhancement is treated as a single
project purpose in the cost allocation since the u se of facilities are closely interrelated and the same repayment policies apply.
The separable costs-remaining benefits method is used to allocate the project
costs, assigned costs, interest during construction, and operation, maintenance,
and replacement costs among the functions served. Under this method, the maximum amount that may be allocated to any function is the justifiable investment
which is the lesser of capitalized benefits or the single-purpose alternative cost.
Each function is assigned its separable costs, which is the savings that would
occur if the function were deleted from the multiple-purpose project. Joint costs,
the residual of total costs less separabl~ costs, are distributed equitably among
all functions.
Sitngle-purpose alternative costs
The costs of the single-purpose alternative projects that would provide benefits equivalent to those resulting from the multiple-purpose project are determined for comparison with capitalized benefits.
The single-purpose alternative plans would be at the site of the multiple-purpose plan. For municipal and industrial water it would be the same as the multiple-purpose plan less costs of Tecreational facilities. For the single-purpose recreation-fish and wildlife function, the dam and reservoir of the same size would
be retained but pumping and conveyance facilities to the reservoir would not have
to be as large. Specific recreation facilities would be retained in the same amount
as the multipurpose plan.
Costs of single-purpose alternative plans with Federal financing at 4 ¾ percent
rate of interest would be as follows:
Municipal and
industrial water

r;fj~;!{~~~ing-coiistruction=== ======== ==== == == == ==== == ==== ====== == == == == =

Operation, maintenance and replacement, annual equivalent_ _______________
Operation, maintenance and replacement, capitalized ___________ ______ _______
Total cost___ __ __________ _____ ___ ______ __ ____ ______ _______________

$It

Recreation-fish
and wildlife

m: ~~~

(63,900)
1,300, 000

6
$,

m: ~~~

(62,300)
1, 267, 000

-----------18, 062,000

8, 124, 000

Allocation of costs
A summary of the cost allocation is presented below.
Total Ultimate annual o.M.
investment
& R. costs
costs

Project and
assigned
costs

Interest
during
construction

Municipal and industrial water._ __ _______ ___ __ _________ _ $14, 119, 000
Recreation-fish and wildlife __________ ____ ___ ________ ___
2,634,000

$1,078,000
163,000

$15,197,000
2,797,000

$65,900
91, 100

1, 241,000

17,994,000

157,000

Function

Tota I ___ • __• _••• _______________ ••• ••• • _. ______ _

16,753,000

A detailed cost allocation by the separable costs-remaining benefits
method using a 100-year period of analysis and interest rate of 4%
percent is shown on table 3.
FINANCIAL ANALYSIS

Financial feasibility of Minot extension is dependent on repayment
of allocated reimbursable •costs. All project costs; interest during construction; and operation, maintenance, and replacement costs allocated
to municipal and industrial water are reimbursable.
1
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TABLE 3.-COST ALLOCATION, MINOT EXTENSION-GARRISON DIVERSION UNIT
Municipal and
industrial
water

Recreationfish and
wildlife

Benefits (annual) ___ ___________________ ___ __ ___ __________ ___

$1,501,000

~~~~:~~~~~g~~~f~~naffve--~=======
==== ==________________
== ====~======= ==_______
==== =
Justifiable investment__ ______________

ig:
~~~: 000
ggg
18, 062,

$183, 300
3,728,000
8, 124,000
3,728,000

Item

Total

============
Separable costs, discounted _________ __________________ ________ _ _
7,_70_3_
, o_o_o_ _ _
_ 000
_ __
1, 746,
Project costs______ ___ ______ ___ __ __________ ____ _________
Interest during construction ___________________ ___________
O.M. & R. costs (annual)_________________________________
O.M. & R. costs, capitalized_ _____ ________________ __ ______

$1, 684, 300
34,254, 000
26,186, 000
21,790, 000
9, 449,000

6, 529, 000
515, 000
(32, 400)
659,000

739,000
35,000
(47, 800)
972,000

7,268,000
550,000
(80,200)
1, 631, 000

$3,812,000
301,000
(9,600)

$732,000
58,000
(1,900)

$4,544,000
359,000
(11,500)

3, 778, 000
262,000
(16,800)

725,000
50,000
(3,200)

4,503, 000
312,000
(20,000)

6, 529, 000
515,000
(39, 500)

1,177,000
55, 000
(86,000)

7,706, 000
570,000
(125, 500)

======
======
10, 359, 000
1,982,000
12,341, 000
=
=
======
=--===
16.1
100. 0
Percentage to apply 1- - - - -- - ---- - --------- - -- -- -- -- - - ------- 83. 9
= = ======== ==
Remainder___ __ __ ___ __ ____ _________ ______ ______ ____ ____ __ __

Joint costs, Minot Extension :
Project costs _____ ___________________ _____ :________ ____ _
Interest during construction_ ___ _______ ____ _______________
O.M. & R. costs (annual)__ __ __ __________________ __ ______ _
Assigned costs :
Project costs_ ___ __ ____________ ___ ___ ________ __________ _
Interest during construction ___ _______________ ___ ____ _____
O.M. & R. costs (annual)____ _____________ ____ __ __________
Separable costs, ultimate:
Project costs_____ __ __ __ __ ___ ___ ____________ ____ ___ _____
Interest during construction _______ ________ ___ ____________
O.M . & R. costs (annual)__ ___ ___ __ ________________ _______

===========
= 16, 753, 000
14, 119, 000
2,634,000

Project costs__ ______ _________ __ __________ __ _______ _____
Interest during construction_ ______ ________ ___ ___ ___ ______

1,078,000

163, 000

Total investment___ __ ________________ ______ ______ ____ _
O.M. & R. costs (annual)_ _____ ___________ ________ ________

15,197, 000
(65,900)

2,797, 000
(91, 100)

------------

1

1,241, 000

17,994,000
(157,000)

Percentage applies to joint costs only.

Costs allocated to recreation-fish and wildlife which ·are repayable
include one-half of the separable project costs and interest during
construction plus all separable operation, maintenance and replacement costs. Joint costs allocated to this project function are
nonreim'bursable.
The financial analysis employs an interest rate of 3.342 percent for
interest during construction calculations and for repayment of allocated reimbursruble costs. The actual rate for contract purposes will be
the rate in force at the beginning of the fiscal year in which construction starts. The following tabulation identifies t he reimbursability 0£
costs and the revenue sources for payment as determined in this
analysis.
Project
and

Item
Repayment of reimbursable costs:
M. & I. water-Minot__ ________________________

Interest
during

Total

assigned construetion t
costs

investment
costs

Initial

Ultimate

$14, 119, 000 $822, 000

Annual 0. M. & R.

$14,941,000

$53,000

$65,900

588, 500

18,900

607,400

26,000

86,000

life __________________________ __________________

2,045,500

108, 100

2, 153,600

5,100

5,100

Total_ ______ _________ ___ -- ---- -- ------ -- - --

16,753,000

949,000

17,702,000

84, 100

157, 000

Recreation, fish and wildlife- non-Federal public
body _______ -- -- -- ---- --- --- ---- -- -- -- ----Federal nonreimbu rsable: Recreation, fish and wild·

1

Ca lculated at 3.342-percent inte rest rate, as currently requ ired by the Water Supply Act of 1958, as amended.
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The city of Minot would be the logical entity to assume the joint
operation, maintenance, and replacement responsibilities of the Minot
extension. The city would be financially responsible for all operation,
maintenance and replacement allocated ·to the municipal and industrial water function. Operation, maintenance, and replacement costs
separable to recreation-fish and wildlife would be paid by the nonFe~eral agency administering recreation facilities. f oint operation,
mamtenance, and replacement costs of Minot extension allocated to
recreation-fish and wildlife are nonreimbursable but would be paid
initially by the city in the operation of facilities. Arrangements would
be made by the Federal Government with the city to compensate for
these nonreimbursable operation, maintenance, and replacement
~xpenses.
M wnwipal and industrial water
Costs allocated to municipal and industrial water would be repayable
to the United States through a contract as defined by the Reclamation
Project Act of 1939 (53 Stat. 1187) and the ·water Supply Act of 1958
(72 Stat. 297), as amended by the Federal Water Pollution Control
.Amendments of 1961 (75 Stat. 204). A contract would be entered into
prior to the start of construction and would provide for repayment
of allocated costs, including interest at the applicable rate on the unpaid balance. The contract would also provide for payment of all operation, maintenance, and replacement costs allocated to municipal and
industrial water.
The type of contract or contracts for repayment of costs allocated
to municipal and industrial water and the parties involved would be
determined during contract negotiations. For example, separate contractual arrangements might be desirable for repayment of the costs
of the new construction proposed since repayment of construction and
O.M. & R. costs for Garrison Diversion Unit that are associated with
municipal and industrial water, irrigation, recreation and fish and
wildlife developments has been provided for in the existing master
contract with the Garrison Diversion Conservancy District. These separate contractual arrangements for municipal and industrial water
and recreation-fish and wildlife costs for Minot extension could also
be multi party in scope.
The annual rate of repayment and the terms of the repayment would
depend on conditions prevalent at the time the contract is negotiated.
There would be electives such as repaying the entire obligation in a
shorter period of time than the maximum 50 years a.llowable. Annual
payments might also be based on various £actors, such as estimated
water use related to grmvth of the city, equal payments, or g-raduated
p_ayments. These variables would undoubtedly depend on other financrn,1 commitments the city of Minot will have in the future.
The Water Supply Act permits deferment of interest and principal
payments on part of the repayment obligation under conditions when a
supply is being provided for both present and anticipated future
demand. The maximum amount that can be deferred is the les~er of
(a) 30 percent of the total project investment cost ($17,702,000) or
($5,311,000) or (b) the ratio of deferred storage or yield (11,150 acrefeet) to total storage or yield (21,740 acre-feet) times the in vestment
cost 1a llocated to municipal and industrial water ($14~941,000) less the
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cost of conveyance facilities from the reservoir to the tr~atment plant
($1,883,000) which would be $6,660,000. As indicated, method (a) controls for this analysis and the maximum deferrable amount would be
$5,311,000.
Therefore, of the $14,941,000 reimbursable investment costs allocated to municipal and industrial water, $9,630,000 would bear interest
initially ·a nd no payment would be made and no interest would be
charged on $5,311,000 until project year 11. The interest-free period
cannot exceed 10 yea.rs. Full repayment must be made within the life of
the project, but the repayment period cannot exceed 50 years ·a fter the
first year of water use.
A sample payout schedule for municipal and industrial water, demonstrating repayment of allocated investment costs, is presented in
table 4. This schedule is based on the 'a nticipated future water use with
a constant charge per acre-foot of $41.11 (12.6 cents per 1,000 ga.llons)
and an interest rate of 3.342 percent. In addition to the investment
cost, the city would pay annual operation, maintenance, :a nd replia~ement costs ranging from an initial amount of $53,000 to $65,900
ultimately.
TABLE 4.-MUNICIPAL AND INDUSTRIAL WATER PAYOUT SCHEDULE, MINOT EXTENSION-GARRISON
DIVERSION UNIT
Investment

Annual revenues
Payment
Project year
(1)

0. - ----- -- -- - -- - - - -- -- -- -- - --- - - -- l _ - --- -- -- -- -- -- - ------- - ----- -- -- 2. - - -- -- -- -- -- - - - - ---- -- -- - - -- - - -- 3. - - -- -- - ----- -- - - - - ---- ---- - -- - - -4_ - --------------------------------

5_ - - ---- -- ------ - - - - - --- - - -- -- -- -- 6. - --------------------------- -- ---

7 - - ------------- ----- ---- ---------8 - - - ---- -- ---- -- -- -- -- -- -- - - -- -- -- 9_ - - ---- ---- -- -- ----- - -- ---- -- - - - - -

10 __ --- ---- ---- - - ------ __ -- -- -- ____ _

11 _ - ----- -- ---- -- - --- ---- - --- -- -- -- 12 _________________________________
__ --- ---------------- ------ ---- ---_
13
14 __ --------------------- ----------15 __ --- -- --- - -- ____ -- _-- _-- -- -- ----16 __ ----- --------- -----------------17 __ -------------------------------18 __ ------------------- - ----- -------

~t ===: ==:==: :: =:: ==: := == :==::: :::: =
21 _________________________________ _
22 ________________________________ --23 ______________________ ------------ _
24
-- -- -- -- ---- -- -- ---- -- -- -- _--_
25 ______
__________________________________

26 ______ -- -- -- ---- -- -- -- - - -- -- ---- -- -

~t====:: :: :: :::: == :::::::::::::: :: :

!-- :_-_·-: : :::: :::::::::::::::::: :::

32 ____
---- -- ------- --_________
____ -- ----- -- _
_
33
_____________
______
______

~-:::::: ::::::: :: :::: :: :: :::: :: :::::

36 ________ -- -- -- --- _-- -- -- _--- -- --- -37 ____ ------ -- __ --- _---- -- -- __ ,__ ---- _

38 __ _---- _-- -- __ -- ____ -- ___ _-- ____ -- _

_acre-foot)

($41.11/

Interest
(3.3420
percent)

Principal

In
service

Interestbearing

(2)

(3)

(4)

(5)

(6)

0

$275,437
-16, 637
7,472
24, 166
43,474
63,426
81,989
99, 119
116,819
136, 755
154,071
-3, 885
10,373
23,053
37,389
50,561
65,405
79, 102
95,313
110,008
124, 785
141,699
158, 768
175,996
194,210
213,034
231,665
252,151
271,266
292,665
313,545
336,357
359,520
383,046
407,359
432,482
459,270
492,296
513,681

$9,630,000
9,630,000
9,630,000
9,630,000
9,630,000
9,630,000
9,630,000
9,630,000
9,630,000
9,630,000
9,630,000
14,941,000
14,941,000
14,941,000
14,941,000
14,941,000
14,941,000
14,941,000
14,941,000
14,941,000
14,941,000
14. 941. 000
14,941, 000
14,941,000
14,941,000
14,941, 000
14,941, 000
14,941,000
14,941, 000
14,941,000
14,941 , 000
14,941, 000
14,941,000
14,941,000
14,941,000
14,941, 000
14,941,000
14,941,000
14,941,000

$9,354,563
9,371,200
9,363,728
9,339,562
9,296,088
9,232,662
9,150,673
9,051,554
8,934, 735
8,797,980
13,954,909
13, 958, 794
13,948,421
13,925,368
13,887, 979
13,837,418
13, 772, 013
13,692, 911
13,597,598
13,487,590
13,362,805
13_ 221.106
13,062, 338
12,886,342
12,692, 132
12,479,098
12,247,433
11,995,282
11, 724, 016
11,431,351
11,117,806
10,781,449
10,421,929
10,038,883
9,631,524
9,199,042
8,739,772
8,247,476
7,733,795

$275,437
295,992
320,658
337, 102
355,602
374,101
390,545
404,934
419,322
435,354
448,099
462,488
476,876
489,209
502, 775
514,697
527,852
539,363
552,930
564,440
575,540
588,284
600,617
612,539
624,872
637,205
648,716
661,460
672,148
684,482
695,581
707,914
719,836
731,347
742,858
754,368
766,702
784,379
789,312

$312,629
313, 186
312,936
312,128
310,675
308,556
305,815
302,503
298,599
294,028
466,373
466,503
466,156
465,386
464, 136
462,447
460,261
457,617
454,432
450, 755
446, 585
441, 849
436,543
430,662
424,171
417,051
409,309
400,882
391,817
382,036
371, 557
360,316
348,301
335,499
321,886
307,432
292,083
275,631
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TABLE 4.-MUNICIPAL AND INDUSTRIAL WATER PAYOUT SCHEDULE, MINOT EXTENSION-GARRISON
DIVERSION UNIT- Continued

Annual revenues

Investment

Payment
($41.11/
acre-foot)

Interest
(3.3420
percent)

(2)

(3)

(4)

(5)

(6)

46 ____ ___ - - _________ • ___ -- __ ___ __ _-- _
47
___________
___-- -- -______
--- -- ______
--- - -- ----- - __-- _
48 __
______________

$800,412
811,922
823, 844
835, 766
846, 866
857,966
869,476
880,987
893, 731

$258,463
240,352
221 , 250
201 , lll
179, 901
157,611
134, 205
109, 632
83,853

$541,949
571 , 570
602, 594
634, 655
666, 965
700,355
735, 271
771 , 355
809,878

$14, 941 , 000
14,941 , 000
14, 941 , 000
14,941 , 000
14, 9.41 , 000
14,941 , 000
14,941 , 000
14,941,000
14, 941, 000

$7,191,846
6,620,276
6, 017,682
5,383,027
4,716,062
4,015, 707
3,280,436
2,509, 081

49 __ ____ __-- - --- - - -- - - - - - - -- -- -- -- ___
50 ___ ___ -- -- -- --- _---- - - - -- -- _-- -- -- _

893, 731
891, 076

0

56, 787
28,817

0

836, 944
862,259

31 , 091, 713

16,150, 713

Project year
(1)
39 ____ -- -- _--- -- __ ---- - - -- - --- -- -- - - 40 ___ _- --- ------ -- -- -- __---- -- -- -- ___
41________
_____ - __
- -------- --- - - -- ------ ---42
_____________________
_____43 ___________ ________ ________________
44
_____
- --- -- - - ---- -- __ ---- -- -- _
45 ___
__ ____
__ -___________________________

Totals. _____ ________ __________ _

In
service

Principal

Interestbearing

14, 941 , 000
14,941,000

1,699,203
862,259

0
0

0

0

14, 941 , 000 -- - -- -- -- -- - - - - -- - - ---- ---- -

Recreation-fish and wildlife
Repayment o:f reimbursable recreation-fish a nd wildlife costs is required under t he Federal W ater ·P roject Recreation A ct. The aot provides t hat one-hal:f o:f the separable investment costs and all the separable operation, maintenance, ·a nd replacement costs would be the
responsibility o:f a non-·Federal public body. The non- Federal share of
the separable costs may be cont ributed by (1) payment , or provision
o:f land, interest therein, or facilities :for the project, or (2 ) repayment
with interest within 50 years of first use of project :facilities. The
source o:f repayment may :be :from revenues o:f the non-Federal public
body or it can be limited to entrance and user :fees or charges colleoted
at the project by non-Federal interests, provided that the :fee schedule
and portion o:f the :fees dedicated to achieve repayment are made subject to review and renegotiation at intervals o:f not more than 5 years.
Reimbursable costs allocated to recreation-fish and wildlife include
costs for both initial and :future recreational :facilities. Construction of
initial :facilities will coincide with other project construction and :facilities will be adequate to satisfy recreational demands :for. t'he first 10year period. Future recreational :facilities will be constructed :from
years 11 through 35 as needed to meet :future demands. Reimbursable
costs allocaited to recreation-fish and wildlife are ais :follows :
1

Initial

Ultimate

i~tJ~!tc~~~frii coiistru-ction== ===== == == ==== ==== ==== ==== == ======== ====== == ==== =- - $-1~:-~ii- - -$ ~:: ~~~
-

Tot aI investment__ ___________ _________________________________________
Annual operation, maintenance, and replacement costs ___ _______________________

2

5

262,300
26, 000

607 , 400
86,000

Non-Federal funds required annually to meet the repayment requirements of the Federal ·water Project Recreation A ct would vary
because o:f the proposed staged construction o:f recreat ional fa cilities.
The amount o:f annual :funds required to repay reimbursable costs of
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initial recreational facilities over a 50-year period based on an interest
rate of 3.342 percent would be as follows:
Annual funds

Initial investment ~osit ($262,300) ___________________________________ $10,900
Annual O.M. & R. costs_____________________________________________ 26, 000
Total-------------------------------------------------------

36,900

Payment of reimbursruble costs of future recreation facilities would
also be over a 50-year period, starting when facilities are first used.
In a letter of intent, dated July 18, 1969, the Garrison Diversion
Conservancy District stated ·a willingness to assume responsibility to
cost-share the specific recreation-fish and wildlife developments. The
repayment and administration could be handled the same as the
authorized initial stage of Garrison diversion unit. Through a master
contract between the conservancy district and the United States, the
conservancy district would agree to provide repayment of reimbursa:ble recreation-fish and wildlife investments and to assume responsibility for ·a dministration, operation, and maintenance of completed
facilities. The conservancy district could redelegate the administration, operation, and maintenance responsibility to local park districts
through a three-way agreement between the United States, conservancy district, and local administering agency.
Alternative financing m,ethod considered for single-purpose pipeline
Consideration was given to construotion of the single-purpose pipeline under ·p rivate financing as opposed to construction as .a part of the
Federal project, proposed under M:-inot extension.
During the course of the investigation, the 'Minot city manager
urged thait t'he single-purpose pipeline from Livingston Reservoir to
the :Minot water treatment plant be included in the Federal project,
stating that there was no possibility that the city would be in a financial position that it could bear the cost of the transmission line. He
pointed out that the city has one of the highest water rates in the State
and that treatment costs exceed those of most other areas in that section of the country and, that with the continuing capital improvement
programs necessary to keep the present system current, there was no
likelihood that the city could increase water rates to the point that the
pipeline could 'be separately and concurrently financed.
As noted heretofore, the city is considering development of an interim water supply from an aquifer being investigated near the city.
This would require further investment in water works prior to the
time water is available from Minot extension.
The city is indebted for over $3.3 million, including interest, for
outstanding revenue bonds for sewer and water works which are payable by 1986. In addition to providing for an interim supplemental
supply, there are present and probable future obligations of over $10
million for public works, including participation in a much needed
Federal flood control project, construction of urban renewal and transportation projects, airport improvements, construction of a new high
school, and providing recreation facilities within the city.
1
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Assessed valuation of the city has dropped about $1.3 million, or
about 5 percent, because of the 1969 flood along the Souris River which
caused over $10.9 million of urban damages, $1.0 million of which are
associated with public works of the city.
Interest on revenue and general obligation bonds is increasing at a
r:at~ that cities are encountering difficulty in marketing bonds for pubhe improvements. Long-term repayment 'Provisions under the reclamation acts, including the Water Supply Act of 1958, would provide
substantial advantages to the city in relieving this situation and in
extending some of the financial burdens enumerated above.

PART VII-FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS
FINDINGS AND CONCLUSIONS

My .findings and conclusions from a feasibility investigation of the
Minot extension of the Garrison diversion unit are1. Importing Missouri River water through the diversion and
storage facilities of the Garrison diversion unit, Missouri River
Basin project, is the best solution to problems of water shortages
and poor water quality that the city of Minot has been faced with
over the past several years. At the same time water needs of the
future to year 2020 can be met.
2. The recommended plan for Minot extension, involving diversion of water from Velva Canal by pumping plants and pipelines
with regulatory storage in the proposed Livingston Reservoir, is
the most favorable of several plans studied and the selection of
this plan has been concurred in by the city of Minot.
3. The single-purpose pipeline from Livingston Reservoir to
the city's water treatment plant should be constructed as a part
of the Federal project as proposed in this report. In(?lusion of the
pipeline in the plan has been recommended by the city-and·is justifiable because of the city's large future obligations for-.:flo.o d control and other public works.
4. The planned works for Minot extension, and particularly
the pipeline to the treatment plant, would fit in with plans of the
city for construction of conveyance facilities from a potential
aquifer near the city that would be developed to provide an interim
supplemental supply to the city until the Minot extension could
be constructed.
5. The recommended plan has engineering feasibility, economic
justification, and financial feasibility. It is expected that all reimbursable costs would be returned to the United States through repayment contracts which would be entered into before construction
was initiated. The city of Minot has concurred in the general plans
for Minot extension and has reviewed preliminary estimates of
financial obligations required. The Garrison di version conservancy
district has agreed by letter of intent dated July 18, 1969, to
participate in the recreation and fish and wildlife features of the
project, to share in the separable costs, and to assume obligations
of administration and operation, maintenance, and replacement.
RECOMMENDATIONS

I recommend that1. The Minot extension plan presented m this report be
approved;
. 2. Minot extension, Garrison diversion unit, N. Dak., be authorized as an integral part of the Garrison division, Missouri River
Basin project for construction, operation and maintenance by the
(77)
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Secretary of the Interior substantially as described in this report
with such modifications of, omissions from, or additions to the
works as the Secretary of the Interior may find proper and necessary, and in accordance with Federal reclamation laws ( act of
June 17, 1902, 32 Stat. 388, and acts amendatory thereof or supplementary thereto) ; and
3. Authorizing legislation provide that the conservation and
development of the fish and wildlife resources and the enhancement of recreation opportunities in connection with Minot extension be in accordance with provisions of the Federal Water
Project Recreation Act (79 Stat. 213).

H. E.

ALDRICH.

PART VIII-SUPPLEMENTAL .A:NALYSIS

1

The following analysis presents the dafa required by Sen~te Resolution 148, 85th Congress, second session.
PROJECT DESCRIPTION AND ECONOMIC LIFE

Minot extension is ·a multiple-purpose project that would serve the
function of municipal and industrial water and recreation-fish and
wildlife. The plan of development provides for di version of water
from the authorized Garrison diversion unit, through the proposed
Livingston Reservoir, for delivery to the city of Minot. A complete
description of the ·p lan is presented in part IV, plan of development.
The estimated economic life of the project facilities is 100 years.
Adequate maintenance is planned for the project works.
ESTIMATED COSTS

The estimated cost of construction is $1'6,753,000 based on January
1969 prices. Operation, maintenance, and replacement costs are estimated to be $157,000 annually.
BENEFIT-COST RATIOS

Benefit-cost ratios, using a 4% percent interest rate, for the 100-year
and 50-year periods of ,a nalysis, on Minot extension are as follows:
Benefit-cost ratios50-year period _______________________________________________________ 1.50
100-year period ______________________________________________________ 1.70
INTANGIBLE BENEFITS

Intangible benefits of 'Minot extension are discussed by project functions as follows :
Jiu,nicipal and industrial water supply
De,Telopment of Minot extension would replace Minot's present
water supply which is inadequate to meet even current demands when
drought conditions prevail and requires expensi rn treatment for hardness and quality. The proposed plan would allow for an adequa,te dernlopment potential to meet demands of the city through year 2020.
Recreation-fish and wildlife
The ~Iinot area is a high-intensity recreation use zone and recreation
needs will be mainly of local significance. Optimum recreation-fish
and wildlife use is planned at the Livingston Reservoir site to meet
some of these needs.
(79)

ALLOCATION OF COSTS

Three methods have been used to alloca:te the costs of 'Minot exten ~
sion: (a) separable costs-remaining benefit.s, (b) priority-of-use, and
( c) incremental cost. Under all three methods, analysis of a 50-year
period and a 100-year period, using 41/'g-percent interest rate, has been
made. Table 5 presents a summary of the three methods of allocations
under the two time periods.
TABLE 5.-SUMMARY OF COST ALLOCATIONS PREPARED IN COMPLIANCE WITHS. RES. 148, MINOT EXTENSION,
GARRISON DIVERSION UNIT
Municipal
and industrial water

Recreationfish and
wildlife

Total

$2,634,000
163,000
91,100

$16,753,000
1,241,000
157,000

2,907,000
183,000
92,100

16,753,000
1,241,000
157,000

1,177,000
55,000

16,753,000
1,241,000
157,000

100-YEAR ANALYSIS
Separable costs-remaining benefits:
Project costs •••• ___ ____ __ ____ ___ __ ____ . _____________________ _ $14,119,000
Interest during construction ___________________________ •• ____ •• _
1,078,000
65,900
O.M. & R. costs (annual) •••• ---------------------------------Priority of use:
Project costs •••• ____ ________________________________ •• ______ _ 13,846,000
Interest during construction. _______ •• _________ • ___ • ___________ •
1,058,000
O.M. & R. costs(annual) ______________________________________ _
64,900
Incremental cost:
Project costs •••• ____________________ • _______________________ _ 15,576,000
Interest during construction .. _. __ • ______ •• ___ ••• __ • _________ • ••
1,186,000
O.M. & R. costs (annual) _____________________________________ __
71,000

86,000

50-YEAR ANALYSIS
Separable costs-remaining benefits:
Project costs •••• __ ______ ____________________________________ _
Interest during construction •• •• ____________________ _•• ________ _
O.M. & R. costs (annual) _______________________ ___ ____________ _
Priority of use:
Project costs ••••• _••••••• ___________ • ___________ •• ___ •• _____ _
Interest during construction. ______________________ • ___ •• __ ••• ••
O.M. & R. costs (annual) ____________________________ __________ _
Incremental cost:
Project costs • ••• ______ •• ____________________________ •••• ____ _
Interest during construction . __________________________________ _
O.M. & R. costs (annual) ______________________________________ _

14,418,000
1,100,000
66,500

2,335,000
141,000
90,500

16,753,000
1,241,000

14,254,000
1,088,000
65,900

2,499,000
153,000

16,753,000
1,241,000

91,100

157,000

15,576,000
1,186,000
71,000

l, 177,000

16,753,000
l, 241,000

55,000
86,000

157,000

157,000

DESCRIPTION OF LOCAL PARTICIPATION

The city of 'Minot, !through close coopemit ioo 'W'ittih the Bureau of Reclamation,
has continually exhibited a keen interest in the preparation of plans for Minot
extension. Written and verbal support has been given for legislative action concerning the project. Federal agencies including the Bureau of Sport Fisheries
and Wildlife and the Bureau of Outdoor Recreation have actively cooperated in
the investigations and planning of Minot extension. 'Information was also provided by the following State agencies: Game and fish department, geological
survey, health department, highway department, outdoor recreation agency, and
tthe water commission.
ESTIMATED SCHEDULE OF REPAYMENT

Reimbursable costs allocated to municipal and industrial water and Tecreationfish and wildlife would be repaid with interest. Methods for repayment of these
costs are presented in part VI, Economic and Financial Analysis.
EFFECTS OF DEVELOPMENT ON STATE AND LOCAL GOVERNMENTS

The construction of Minot Extension would result in economic and social gain~
for the local trade area and to tihe State. Optimum use of recreation and fish and
wildlife facilities at the proposed Livingston Reservoir would provide substantial
benefits to the local community and surrounding trade area. An adequate water
supply would enhance the industrial and population growth of Minot and provide .fur.ther economic and social impacts to the loca·l trade a•r ea and rthe St.ate
of North Dakota.

APPENDED MATERIAL
OTHER AGENCY REPORTS

1. A feasibility report on the recreation aspects of the Livingston Reservoir phase
of Minot extension, Garrison diversion unit, North Dakota, dated August 8,
1969, by the Bureau of Outdoor Recreation.
2. A detailed report evaluating the effects on fish and wildlife resources, Minot
Extension, by the Bureau of Sport Fisheries and Wildlife.
3. Letter dated Ju1J1e 6, 1969, regarding effect upon minera'l resources df the area,
by the Bureau of Mines.
4. Letter dated February 18, 1969, evaluating the water quality aspects of the
Minot extension plan ; and letter dated July 17, 1969, regarding sewage
treatment facilities of the city of Minot, by the Federal Water Pollution
Control Administration.
5. Letter dated July 29, 1969, regarding public health aspects of Minot extension
by the Department of Health, Education, and Welfare.
(81)
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REPORT OF THE BUREAU OF OUTDOOR RECREATION
U.S.

DEPARTMENT OF THE INTERIOR,
BUREAU OF OUTDOOR RECREATION,

Denver, Colo., August 8, 1969.
Memorandum to: Regional Director, Bureau of Reclamation, region
6, Billings, Mont.
From: Regional Director, Mid-continent region.
Subject: Feasibility report on the recreation aspects of the Livingston
Reservoir phase of Minot extension, Garrison diversion unit,
North Dakota.
INTRODUCTION

The Bureau of Outdoor Recreation, Mid-continent region, prepared
this feasibility report under the authority of the act of May 28, 1963
(77 Stat. 49; 16 U.S.C. 4601 et seq.), and the Federal Water Project
Recreation Act (79 Stat. 213; 16 U.S.C. 4601-12 et seq.). The report
is in response to a memorandum dated June 6, 1968, from Acting Regional Director G. J. Cheney, Bureau of Reclamation, region 6, requesting an evaluation of the recreation aspects associated with the
proposed Minot extension, Garrison diversion unit.
The report covers only the Livingston Reservoir phase of the Minot
extension. This report provides an analysis of the recreation potentials
and development costs for the Livingston Reservoir.
The Bureau of Reclamation, in June 1967, published a reconnaissance report on the project, but it did not include an analysis of the
project's recreation potential. This report is the first recreation evaluation of the project. Recreation data for this report were obtained from
the North Dakota State comprehensive outdoor recreation plan. The
Bureau of Sport Fisheries and Wildlife provided basic fishing use
estimates. The cooperation of the Bureau of Reclamation, Bureau of
Sport Fisheries and Wildlife, and the North Dakota State Outdoor
Recreation Agency was very much appreciated in connection with this
feasibility study.
PROJECT AND AFFECTED AREA

.~he project is in north central North Dakota in Ward County, on
L~vingston Creek, which is an intermittent tributary of the Souris
River. The reservoir would be adjacent to and on the east side of Minot
In~ernational Airport, about one-half mile northeast of the city of
~mot. The lands around the project are open, rolling hills covered
with prairie grasses and a few trees. Grain farming is the principal
Ian~ use. Long hours of summer sunshine and cold winters provide a
v~ried atmosphere for year-round recreation use. Three major U.S.
highways juncture near the project and assure regional access.
(83)
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The Livingston project's principal features are the Minot delivery
canal or pipeline, three pumping plants, Livingston Dam and Reservoir, and an underground pipeline for delivery of water to Minot.
Project purposes under consideration include municipal and industrial
water supply, recreation, and fish and wildlife conservation.
Livingston Dam, a 64-foot-high rolled earthfilled structure, 2,570
feet long, would have a total water capacity of 10,350 acre-feet. At elevation 1,621.5 feet the 1,200-acre conservation pool will extend 5 miles
upstream and be about one-half mile wide. This pool will remain relatively stable throughout the first 30-40 years of operation. In future
years, as the demand for municipal and industrial water grows, project
operations are scheduled to maintain the top of the inactive pool at
elevation 1,605.8 feet. According to the Bureau of Sport Fisheries and
Wildlife, the reservoir pool level must be maintained at 1.605.8 to
maintain a suitable fishery environment. Annual fluctuation of the
conservation pool will be about 15 feet. However, the pool will fluctuate
only about 6 feet during the summer recreation season.
About 3,880 acres of land will be needed for primary project
purposes.
OUTDOOR RECREATION DEMAND, SUPPLY, AND NEEDS

A four-county area surrounding the reservoir was defined as the
recreation market area (RMA). Eighty percent of the project's recreation use will come from the RMA; the remaining 20 percent is expected from tourists outside the RMA.
The 1965 RMA population was 88,000, which included 19,000 military personnel stationed at Minot Air Force Base. The future total
Rl\IA population, including the military, is expected to climb to 91,000
by year 2000 and be about 114,000 by 2020. The population in the RMA
is shifting from rural to urban. This shift is particularly important to
projected recreation use at Livingston Reservoir project since the site
is located only one-half mile north of Minot. In time, Minot will
probably surround the reservoir. In the RMA the demand for
water-oriented recreation activities will increase from about 1,421,000
recreation-days in 1975 to 4,750,000 recreation-days by year 2020.
Principal water-oriented summer activities in demand are swimming,
boating, water skiing, fishing, picnicking, camping, and sightseeing.
The winter activities ,a re ice skating, fishing, t-0bogganing, sledding,
and snow skiing.
The supply of effeotive recreation acreage in the RMA is limited.
There are 6,867 total effective acres; 2,238 are water surface acres located at Federal, State, and local areas. These areas had 277,600
recreation-visits in 1967. Three national wildlife refuges accounted for
the majority of the acreage and 1967 visits; but expansion and more
intensive use of these wildlife areas for general recreation is not compatible with their administration for wildlife purposes.
There is a large recreation complex at the 375,000-acre Lake Sakakawea, 45 miles south of the proposed Livingston Reservoir. It is out1
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side the RiMA although it is within the normal day-use outing range
of most of the RMA population. Lake Sakaka wea attracts a different
type of use than would the proposed Livingston Reservoir. Because of
its large size and distance the lake attracts overnight use; while Livingston Reservoir, because of its location near -Minot, would attract
day use and have a local attraction.
The potential supply in the RUA is limited to expanding existing
recreation areas, except for the wildlife refuges, and to the development of other water-oriented projects. There are only two wateroriented projeots proposed in the RMA. The Livingston Reservoir is
the only projeot authorized for study; however, the Corps of Engineers plans to study a dry reservoir for flood control near Burlington
on the Souris River. A dry reservoir would have very limited potential
£or recreation use.
From an analysis of the existing and potential supply in the Rl\1A
it is apparent that it will not meet the future ·i ncreasing recreation
needs of the HMA. By 2020 there will be a need for water-oriented
areas to supply recreation facilities for 4,750,000 recreation-days of
use. The existing and proposed projects cannot meet this need.
The North Dakota 1State comprehensive outdoor recreation plan
supports these findings and identifies the Minot area as a highintensity recreation use zone. The plan further indicates the recreation
needs will have to be met through new recreation and acquis1tion development programs.
OUTDOOR RECREATION PLAN

The project recreation planning goals are for optimum development
of the project's recreation potential. The project is close to a growing
urban area and planning concepts such as the use of easements, adequate zoning, and land-use planning by both Federal and non-Federal
agencies are needed now and in the future to preserve the area's urban,
rural, and esthetic values.
The recreation plan is scaled to satisfy 308,500 annual general outdoor recreation- and 41,500 fisherman-days at optimum use. General
outdoor recreation use during the first 10 years of project operation is
estimated at 57,000 annual visits. By project year 35, an optimum annual use of 308,500 general recreation-days will be reached. This level
of visitation will continue throughout the remaining life of the project. In addition to the above use, the Bureau of Sport Fisheries and
Wildlife estimates that with adoption of their report recommendations for total development with the project, an average annual use of
41,500 fisherman-days will occur throughout the 100-year project life.
. The project, as planned, will provide boating, swimming, picnickmg, fishi1;1g, sight~eeing, hiking, ice skating, snow skiing, ice fishing,
and tourist campmg. 9or_nplementary access roads, trails, parking
areas, campgroun9-s, picrnc ar~a_s, bo~t do~ks, wate; supply,' signs,
!fl_arkers, landscapmg, and admmistrative umt, and wmter sport facilities are required to support these activities. The following scale of de-
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velopment would be appropriate and adequate to accommodate both
general outdoor recreation- and fisherman-days of use at the project:
RECREATION DEVELOPMENT UNITS

Facility

Initial

Picnic units: Includes 4 tables, fireplaces, trash can and site preparation ____ ______________ _
Camping units: Includes picnic table, fireplace, trash can, site preparation, parking spur,
water system, sanitation, circulation road, signs, markers and landscaping _______________ _
Parking spaces: Hardtop ______________________________________________________ ______ _
Boat ramps: 1 ramp and parking area for 40 cars and 1 boat dock _______________________ _
Sanitation: Includes 5 water closets and 1 urinaL ______________________________________ _
Water supply: Includes 1 outlet and proportionate share of system _______________________ _
Swimming (square feet) ____________________________________________________________ _
Roads (miles) _________________________ --·- ________________________________________ _
Trails: (miles) _____________________________________________________________________ _
Administration: Includes residences, maintenance garages and workshop ______________ ____
Winter sports: Rinks, toboggan area, ski slope, etc _____________________________________ _
1

30
30
304
2
5
20
41,900
2

¼
1
(')

Ultimate

133
133
1,333
6
21
89
183,000
4
1¼
1
(1)

As required.

Total capital costs for development of facilities and land acquisitions are $1,177,000. Initial stage costs are $242,000 for construction,
$73,000 for planning, overlrna.d, and contingencies ( figured at 30 percent). About 610 ·acres of land located outside the probable takeline are
needed for recreation purposes. They would cost about $183,000. These
lands are needed for recreia.tion development and as a .buffer area to
provide open space to protect the recreation-natural beauty potential
of the reservoir. Zoning and easement possibilities should be explored
with the county and city of Minot to further enhance the reservoir's
recreation potential. An additional $679,000 would be required for
planning and construction between project years 10 'and 35 to achieve
optimum development.
Additional costs for operation, maintenance, 'a nd replacement are
calculated 'a t $0.10 per annual visit for operation, 3 percent of investment minus land for maintenance, ·a nd a 25-year period based on a
sinking-fund method of depreciation a.t 43/s-percent interest rate for
replacement. The cost per recreation-day would be $0.39 for the
multipurpose Livingston Reservoir.
The Bureau of Sport Fisheries and Wildlife estimates an annual
7,600 fisherman-days of use will be creditable to joint-use recreation
facilities. A proportionate division of costs to fishing for the dU'a.1-use
recreation facilities during all stages of development is calculated at
$17,800.
Evaluation of the proposed development, access, esthetic qualities,
reservoir operations, competitive resources, and development potential
established a base benefit value of $0.95 per general outdoor recreation
visit for the project. This base value also reflects a concern for open
space and outdoor recreation opportunities in and adjacent to expanding metropolitan ·areas. The Bureau of Sport Fisheries and Wildlife
set a $1 value for a fisherman-day visit. The fishing values are the same
as those carried in the Bureau of Sport Fisheries and ·wildlife report.
Should construction be authorized, it is appropriate that the Garrison Diversion Conservancy District administer the recreation aspects
of the project in accordance with the ~ecommende~ plan under tl~e
provision of the Federal Water ProJ ect Recreat10n Act ( Pubhc
Daw 89-72). See attachment A.
1
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In the absence of a sponsoring ag~n?y, sectio~ ~ <?f Public L~w 89-72
provides for development of ~nly mm1m_u~ fac1~1ties for public health
and safety. Visitation under the~ cond1t10ns will total 10,000. ann~al
visits for general outdoor recreat10n. The Bureau of Sport. F1sher1es
and Wildlife report states that 17,400 fishermen annually will use the
project under preliminary operation plans_ furnished hr the Bureau of
Reclamation. A $0.50 and $1 value, respectively, are assigned to recreation and fishing visits. Operation, maintenance, and replacement costs
are calculated as in the previous section.
Development costs for the minimum plan are as follows:
Turnaround-grading and barriers, 2 each _____________________________ $5,000
Sanitary facilities- pit type, 2 sets_____ _______________________________ 4, 000

=-====================================

~i

Subtotal----------------------------------------------------Planning, overhead, and contingencies (30 percent)____________________

9,100
2, 700

[i;::cans,2each __ ___________

Total construction _____________________________________________ 11,800

Two alternative plans were investigated to provide project least cost
allocation information. The most feasible alternative project was a
multipurpose site located 4.5 miles south of Minot on the First Larson
Coulee. The project would have a dam 75 feet high _and 5,280 feet long.
The conservation pool would be operated at elevat10n 1,774 feet to develop a 380-acre lake for the summer recreation season. General outdoor recreational and fishing use was estimated at 193,000 annual recreation days valu~ at $1 per day. Ultimate recreation development
costs would be $747,000 resulting in a $0.32 cost per recreation day
visit.
Another alternative, a single-purpose site at the same Livingston site
as the proposed project was also- studied. It was found that a stable
pool established at storage elevation 1,622 feet would have a 1,200 surface acre lake. Ultimate visitation was estimated to be 350,000 recreation day visits annually, valued at $1 per visit. Development cost for
recreation facilities and lands would equal $1,581,000. Single purpose
development for recreation would provide a higher cost per recreation
day visit than for the multipurpose site at the Livingston Reservoir.
VIEWS OF OTHER INTERESTS

Views and comments of other interested Federal and State agencies
were solicited and incorporated into this report.
CONCLUSIONS

In conclusion, we find:
~- There is a need for water-oriented recreation opportunities in the
Mmot area.
2. The recreation development proposed for the reservoir is in accord with the State comprehensive outdoor recreation plan.
3. The Livingston site is ~uitable for development for both general
outdoo~ recreat101~ and fis~mg. The r~creation plan presented in this
report 1s based on reservoir levels mamtained above elevation 1605.8
feet for m~int_ena~ce of a suitabl~ fi~hery environment.
4. The site 1s _sm~able for admm1stration by the Garrison Diversion
Conservancy D1str1ct under the Federal Water Project Recreation Act
(Public Law 89-72).
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5. Capital costs for providing required recreation facilities are
$498,000 in the initial stage and $679,000 to complete the ultimate development stage.
6. A benefit value of a general outdoor recreation day visit is $0.95
and the Bureau of Sport Fisheries and Wildlife established a $1 value
for a fisherman-day visit.
7. The use of easements, adequate zoning, and advanced urban planning will be needed to assure provisions of open space, enhancement of
the outdoor recreation areas, and the improvement and preservation of
the area's rural scenic values.
RECOMMENDATIONS

It is recommended that1. Project purposes include general outdoor recreation and fish
and wildlife.
2. Development be in accord with the optimum recreation plan
outlined in this report and the North Dakota State comprehensive outdoor recreation plan.
3. The National Park Service be given the opportunity to investigate the historical and archeological values of the area after
authorization.
4. The esthetic values be preserved through the use of easements,
adequate zoning, and land use planning.
R. H. SHARP
(For Maurice D. Arnold).

I
I

\.

(

•

I

89

BUREAU OF OUTDOOR RECREATION

!

RESERVOIR

LIVINGSTON

MINOT EXT EN Tl ON
NO. DAKOTA

- N-

2SCALE 2!11!!~'

~

DENVER,

COLORADO

6000'
IN

FEET
FEBRUARY

TAKE

D .,. ..,

MINOT
INTERNATIONAL

i

.2

LINE

1969

90
ATIACHMENT A
GARRISON DIVERSION CONSERVANCY DISTRICT,
Carrington, N. Dak., July 18, 1969.
Mr. HAROLD ALDRICH,
Regional Director, Region 6, U.S. Bureau of Reclamation,
Billings, Mont.
DEAR MR. ALDRICH: In connection with the authorization, construction, and development in the Minot extension, Garrison diversion unit,
North Dakota, of the 'Missouri River Basin project, it is the intent of
the Garrison Di version Conservancy District to agree to administer,
in -accordance with the Federal Water Project Recreation Act (Public
Law 89-72) , the land and water areas of said Minot extension of the
Garrison diversion unit devoted to recreation ·a nd fish and wildlife
enhancement. It is the further intent of the Garrison Di version Conservancy District to assume, or arrange for the assumption of, one-half
of the separable capital costs associated with the recreation and fish
and wildlife enhancement of said project and for all the operation,
maintenance, and replacement costs -associa;ted with the.se project purposes, provided that the Garrison Di version Conservancy District retains the right to review ·a nd approve the facilities and development
proposed for the recreation and fish and wildlife features of the project before such facilities are installed, and their installation will be
determined by the demand and need for them.
This letter of intent has been -approved by appropriate action of the
board of directors of the Garrison Di version Conservancy District at
its regular meeting on July 17, 1969.
Yours very truly,
VERNON S. CooPER, JI,/ anager.
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REPORT OF THE BUREAU OF SPORT FISHERIES AND
WILDLIFE
DEPARTMENT OF THE INTERIOR,
FISH AND
ILDLIFE SERVICE,
BUREAU OF SPORT FISHERIES AND WILDLIFE,

w

Twin Oities, Minn., July 24, 1969.
Memorandum to: Regional Director, Bureau of Reclamation, Region
6, Post Office Box 2553, Billings, Mont.
From: Regional Director.
Subject: Minot extension, Garrison diversion unit, North Dakota,
Report of Bureau of Sport Fisheries and Wildlife.
This is our detailed report evaluating the effects on fish and wildlife resources of your proposed project to provide a full municipal
and industrial water supply to the city of Minot, Ward County, N.
Dak. This report, based on engineering data available prior to May 20,
1969, is submitted £or inclusion in your feasibility report. It has been
prepared under the authority and in accordance with the provisions
of the Fish and Wildlife Coordination Act ( 48 Stat. 401 as amended;
16 U.S.C. 661 et seq.).
The authorized initial stage of Garrison diversion unit (Public Law
89-108) provides for delivery of water £or the use of 14 municipalities,
of which the city of Minot would be one of the major users, and £our
industrial areas. Construction of municipal and industrial water supply facilities has not been authorized. A previous reconnaissance study
by the Bureau of Reclamation demonstrated that further detailed investigations £or the physical extension of the Garrison di version unit
to provide the necessary water delivery to Minot were warranted.
Your feasibility report is a result of these detailed studies and will
serve to support a request for specific authorization of the proposed
development.
The report of the Bureau of Sport Fisheries and Wildlife treats the
anticipated effects on fish and wildlife resources of your proposed plan
and conveys our recommendations for their conservation and development. The North Dakota Game and Fish Department has reviewed the
report and concurs in its ·findings and recommendations. This is indicated by the attached letter dated June 23, 1969, from Mr. Russell W.
Stuart, commissioner, to Mr. Cecil E. Gubser, supervisor, Missouri
River Basin studies.
For purposes of evaluating the effects of your proposed plan, areas
of influence are considered to encompass the following:
Fishery-Pool acreage of the reservoir as it is expected to vary
over the 100-year life of the project.
Wildlife-All land below the Bureau of Reclamation proposed
take line.
(91)
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DESCRIPTION OF THE AREA

The city of Minot lies in the Souris River Valley in north-central
North Dakota about 50 miles south of the Canadian border. The city
has grown from a small country town wit!: a populatio~ of 1,300 in
1900 to a large urban center with a population of 30,600 m 1960. The
Souris River originates in Canada and makes a loop into the United
States, reentering Canada northeast of Minot. The Des Lacs River is
the major tributary upstream from Minot.
Agriculture has.been the principal livelihood in the Minot area, as in
other areas of North Dakota, since white settlement began. Rural and
urban population trends have been materially influenced by farm prosperity. The cities and towns, most of which were founded during extensive railroad construction in the late 1870's and early 1880's, have been
built around an agriculture economy. The city of Minot is the trade
center for an area from 75 to 100 miles in diameter.
Industry consists principally of petroleum refining, processing of
dairy products, meat packing, and the manufacture of concrete
products. These industries are major users of water. The Minot Air
Force Base, which was activated in 1959 about 12 miles north of the
city, is also a major user.
Climate of the area fluctuates between dry, subhumid and semiarid
with precipitation averaging 16 inches annually at Minot. The summers are usually short and warm, and the winters are long and cold.
Temperature extremes have been recorded as high as 109° F. and as
low as -49° F. The January average temperature is 7° F., and the
July average temperature is 69° F.
Minot has had a public water supply since the late 1800's, obtaining
water from wells and the Souris River. However, ground water supplies are limited and require expensive chemical treatment before use.
During recent years the ground water level has receded and extension
of the well field has not produced satisfactory results. The quality of
water of the Souris River is relatively good, but the supply is not
dependable.
Development of storage on the Souris River, with or without the
well field, does not appear to be the solution to providing an adequate
water supply. The river is overappropriated and any supply from
that source would be dependent largely on storage of flood flows. Also,
transmission losses from an upstream reservoir would be large, as
verified by losses in the river that have occurred during transport of
water from Lake Darling, a reservoir owned by the Bureau of Sport
Fisheries and Wildlife.
The city is looking to the Garrison diversion unit as a source of
water which would be a long-term solution to its water problem. In
anticipation of securing such a supply, the city has completed a modern water treatment plant of sufficient capacity for future growth and
expansion. The city has contracted to furnish water to the air base,
but meeting the full requirements will be dependent on an increased
supply to the city system.
,
The population of the city of Minot is expected to increase from
30;600 in 1960 to 84,400 by year 2020. The current per capita water
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consumntion of about 80 g-allons ner day is projected to increase to
200 g-allons per dav bv vear 2020. The total demand of 21.740 acre-feet
per year would include a contractual demand of 2.5 million gallons
daily to Minot Air Force Base and a daily per capita use of 180 gallons
for city use and 20 gallons for industrial users of water.
TABLE 1.-ESTIMATED MINOT POPULATION AND WATER USE, 1974-2020
Average daily
requirement
Population (million gallons)

Year

1974 ............•...•...............•.•...••..•••••.•.•.•.•
1980. .... . ... . ......... . •.••..•.•.....•.•••................
1990........... . ...........•........... . ... . ........ . .. . •..
2000 ... . ....... . ••........•.................•.....•........
2010 ........... . . . ..•.... ·•··•·· .... ······ •. ···•·· .•. _.... .
2020... . ········ •···•·••·••··· .......•..•. ••·•·•·• ........ .

44,200
48,600
56,300
65, 000
74,700
84,400

6.43
8.80
11. 71
14.36
17. 03
19. 41

Annual
requirement
(acre•feet)

7,200
9,854
13, 117
16,091
19,078
21,740

DESCRIPTION OF THE PROJECT

The most nracti_cal proiect would be ·a multinle-purpose reservoir
and related facilities designed to provide municipal and industrial
water to Minot for long-term needs, to increase fishing opportunities,
and to provide additional outdoor recreation. w·e understand that the
Livingston Reservoir site on Living-~ton Creek offers the most feasible
and economical site compared to other alternatives: and therefore it
has been selected for detailed investigation bv the Bureau of Reclamation. The nlan would provide ·a water supply diverted from the Velva
Canal of the Garrison diversion unit via a pipeline to the reservoir on
Livingston Creek near Minot (map MO 11-0-112).
To reach the point of diversion in the Velva Canal, water in Lake
Sakaka.w ea ( Garrison Reservoir) will be pumped into Audubon Lake
by the Snake Creek pumping plant for delivery to Lonetree Reservoir
via the McClusky Canal. The Velva Canal will extend in a northwesterly direction from iLonetree Reservoir to irrigruble lands southeast and northeast of Minot. At ·a point about 10 miles east of the city,
water will be diverted from the pronosed Velva Canal of the Garrison
diversion unit system and conveyed :by the Living-ston pipeline containing- two pump lifts to Livingston Reservoir during the normal
irrig-ation season only. From storage in Livingston Reservoir, water
will be delivered 4. 7 miles by g-ra vity through the Minot pipeline to the
city treatment plant. Annual delivery from Velva Canal to Livingston
Reservoir will be 2 2,953 acre-feet under year 2020 requirements. VelWt
Canal will carry water during the irrigation season, May through
October 15.
Livingston Reservoir will regulate flows from the Livingston pipeline to supply the city of Minot with municipal and industrial water.
The reservoir will be filled during the irrigation season and drawn
down during the winter months. Fluctuations of the reservoir will
increase with demand for water from about 3 feet the first year of
operation to over 26 feet in 2020, according to preliminary operational
studies.
1
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TABLE 2.-LIVINGSTON RESERVOIR DATA
Elevation
(feet, mean
sea level)

Storage
Crest elevation •.••..••...••...••••••.•.•.........•.........•
Surcharge pool. •••...•.•••••••••.••••.......................
Conservation pool. .......•..... ... ..... . .....•..•......•...•
Inactive pool. ••.•••••••••.•.....•.....••.••.•...•.....•••.•
Dead pool. • •.••• • .•••.•••••.•.•... .•• ••.•.................•
Stream bed ••••••• • ••• • ••••••• • ••••••• • • ••.... ...•. .. ..•.. .•

Accumulated
capacity
(acre.feet)

Surface
area (acres)

1, 633. 0 ............................... .
1,626. 5
18, 120
1,971
1,621. 5
10,350
1, 200
1, 593. 0
380
45
1, 590. 0
270
32
1,569.0 ·•···········•···•···•·•·•······

Project plans for land acquisition at Livingston Reservoir will include 3,880 acres in fee for primary project purposes and 610 acres
recommended by the Bureau of Outdoor Recreation £or recreation.
In considerat10n of the most economical method of supplying water
to Minot, an alternative plan was studied by the Bureau of Reclamation which involved pumping directly from Lake Audubon, a subimpoundment of Lake Sakakawea ( Garrison Reservoir), for delivery
to another storage reservoir (First Larson Reservoir), via a 39-mile
pipeline and two pumping plants. For this proposal, water for storage
in First Larson Reservoir ( ultimate size, 380 surface acres) would be
pumped throughout the year. A preliminary appraisal of this alternative was made by the Bureau of Sport Fisheries and Wildlife, and it
was determined that the effect on fishery resources would be an annual
benefit of 25,000 fisherman-days valued at $37,500. The effect on wildlife resources would be the inundation and loss of upland-game and
deer habitat by the reservoir.
FISH AND WILDLIFE RESOURCES

Fish
Since the proposed Livingston Reservoir will be situated on an intermittent stream, there is no existing fishery at this site.
Wildlife
Wildlife habitat in the Livingston Reservoir area includes about 15
acres of scattered cottonwoods and patches of chokecherry and buckbrush. There are a few, small wet sites along the bottom of Livingston
Creek, an intermittent watercourse. A good natural marsh is located
on the creek west of Highway 83 at the extreme upper end of the reservoir. The remainder of the area is grass and cropland.
The white-tailed deer is the only big-game species present, and it
is few in numbers. The principal upland game species is the gray partridge, with lesser numbers of sharp-tailed grouse and ring-necked
pheasant. Other wildlife indigenous to the area includes raccoon, fox,
jackrabbit, cottontail, skunk, and coyote. A few mink a.re taken in the
area along Livingston Creek. Waterfowl use is confined to the few
small wet areas along the creek where an occasional pair of ducks may
nest, and to the marsh at the upper end of the reservoir site where a
number of ducks and marsh birds are raised each year.
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EFFECTS OF THE PROJECT ON FISH AND WILDLIFE RESOURCES

The Garrison diversion unit authorization of 1965 included a water
supply for 14 munic~palities and four industrial areas. This water
supply was included for canal-side delivery. Users were to be required
to construct all works needed for treatment and transportation to
points of use. Therefore, the project presently being considered will
have no effect upon fish and wildlife aspects of the Garrison diversion
unit as previously appraised.
Fish
Livingston Reservoir will be characterized by wide fluctuations in
water levels both seasonally and over the 100-year life of the project.
During the first 30 to 40 years when the reservoir is most stable it will
provide good fishing with intensive management and stocking; but
fishing will decrease after that period.
As the demand for water by Minot increases, the drawdown of
Livingston Reservoir also will increase. Because water can be brought
into the reservoir only during the irrigation season, the impoundment
will experience drawdown from mid-October through April with no
offsetting inflow. As a result, during the winter and early spring the
reservoir pool will decrease in volume, until a point will be reached
where fish life will be endangered by winter-kill because of overcrowding and a reduction of oxygen. This fluctuation will also
adversely affect fish spawning and food production. Based on projected water consumption and the preliminary operational plan, the
point at which these adverse effects will be evident will probably be
reached before the year 2020.
It is evident that the proposed Livingston Reservoir will offer less
and less fishing over the years as increasing demands for water progressively reduce the spring pool. Because of this factor, anticipated
fishery benefits are not as great as could be expected if the reservoir
had a more stable operation pattern over its 100-year life.
A warm-water type of fishery is anticipated for Livingston Reservoir. Species available to the angler should include walleye, northern
pike, and crappie. It is also expected that rough fish such as carp will
find their way into the reservoir either through the water deli very
system or from accidental introduction by anglers. During the latter
years of the project's life, rough fish will probably dominate the
reservoir fishery unless special management measures are em ployed.
Fisherman-day use, and the arnrage annual fishery benefits associated with construction of Livingston Reservoir, are shown in table
3_. The fishery b~ne~ts presented are based upon the preliminary operational plans which rnvolved extreme drawdowns to elevation 1,595 :feet
mean sea level in year 2020. They also are conditional upon .fishermen
having reasonable opportunity to use the reservoir for fishing.
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3.-Average annual sport fishery values-Livingston Reservoir
Without the project-Man-days______________________________________
0
With the project 1-Man-days ________________ ________________________ 17,400
Difference :
Man-days------------------------------------------------------ 17,400
Value---------------------------------------------- ------------ 17,400
TABLE

1 Minimum level of development, including only minimum facilities required for public
hea lth a nd safety.

Based upon experience with reservoir situations similar to that proposed for Livingston Reservoir, large populations o:f undesirable
coarse fish may be expected to develop, creating management problems.
This situation offers a potential :for fishery harvest o:f coarse fish, thus
utilizing a fishery resource that would otherwise be wasted, while aiding in the maintenance of a balanced fish population. However, the
small and diminishing size o:f the reservoir area will prohibit the
development of a significant comme,rcial fishery.
Wildlife
The water supply system which will convey water :from Velva Canal
to Livingston Reservoir is not expected to have significant effects on
wildlife habitat. Some temporary disturbance will be experienced during construction but no long-term habitat changes are expected.
Construction of Livingston Reservoir will result in the flooding of
about 1,200 acres at the top of the conservation pool elevation. In early
spring the pool will be at its minimum le-ml, but each year as inflow
from the Velva Canal commences, annual inundation of the entire
1,200 acres will begin. As a result, this acreage will be unavailable to
deer and small upland game including gray partridge, sharp-tailed
grouse, and ring-necked pheasants.
However, because much of the 1,200 acres is intensively cropped, or
grazed, its value to wildlife is only moderate. As a result, wildlife
habitat losses attributable to Livingston Reservoir are not great and
could be replaced by a much less acreage of high-value, well-managed
habitat.
The estimated average annual man-days expended in hunting within
the reservoir area are shown in table 4 and show a net annual loss of
250 man-days.
TABLE 4.-AVERAGE ANNUAL WILDLIFE VALUES
Without the
project

(man-days)
Reservoir area:
Big game . __ ____ ___ _____________ __ __ __________ ____ ________ - - .
Upland game ____ ___ . __ .. ______ __.. __ _... ____ .. __ .... _... _. . . _
Waterfowl. _.. _______________ __________ • . ________ ____ ________ _
Tota I. ___________ _________ ______________ . - - •. - - - - - - - - - - - . - .
t Minimum

With the
project t

(man-days)

Difference
(man-days)

390
.200

230
120

-10
-160
-80

600

350

-250

10

0

level of development, including only minimum facilities required for public health and safety.
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PLAN OF DEVELOPMENT FOR FISH AND WILDLIFE RESOURCES

Fish
Reasonable public use should be permitted at Livingston Reservoir
even though its primary purpose is muncipal water supply for Minot.
There are many examples where municipal water-supply impoundments are open to fishing, boating, and even swimming with no serious
degradation of water quality. Most States have opened the majority,
or all, of their domestic water supplies to at least controlled recreational fishing. The widespread recreational use of domestic water supplies is entirely compatible with high public health standards.
In the interest of increasing the use of Livingston Reservoir by fishermen, access to the normal pool should be provided at two selected·
points. Each of these access developments should provide parking
space, water, sanitary, and trash-disposal facilities. Also, a single-lane
boat launching ramp should be provided at each of the two sites. The
parking :facilities at these sites should provide for a minimum of 15
cars with boat trailers. These facilities needed for fisherman access are
expected to be provided in recreational development proposed by the
Bureau of Outdoor Recreation in their recommendations for Livingston ReserYoir. A net nicrease of 4,300 fisherman-days use annually,
evaluated at $4,300, would result from development of these two fisherman access sites.
A zoning plan for project lands and waters should be developed ip·
connection with overall planning for the reservoir to insure that certain areas will be available, without conflicting use, either for fishing,
hunting, or other wildlife purposes, such as rest areas for waterfowl
during the hunting season. Conflicts between fishermen, hunters, speedboaters, water skiers, and other general recreation interests have
reached serious proportions whenever a body of water is heavily used
by outdoor recreationists. Zoning of natural lakes and Federal reservoirs is already common and soon will become standard procedure. It
is better to recognize this problem and to develop zoning regulations
when a new reservoir is placed in operation than to have to do the job
later after precedents have been set. Zoning can be accomplished in
many ways: on an area basis, on a time-of-day basis, or by specific use
restrictions. Appropriate zoning regulations, drawn up from the standpoint of encouraging optimum utilization of Livingston Reservoir by
fishermen, will increase fisherman use by 1,800 days annually, evaluated at $1,800.
Livingston Reservoir, as shown in the preliminary operation plan,
will provide a substantial fishery during the first 30 to 40 years of project life. After that period, water demands by Minot will require severe
annual drawdowns, thereby endangering fish populations. In April
and early May, after year 2020, only about 450 acre-feet and 50 surface
a_cres of water will be available to support the fishery. This small, relatively shallo,~ pool will then become the critical and limiting factor in
what could otherwise continue to be a substantial fishery for the remaining 50 years of project life.
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I£ the operational design of Livingston Reservoir could be modified
to eliminate this undesirable drawdown feature, substantial fishery
benefits could be realized in excess of those attributable to the project
as planned. Analysis of available operational data indicates that these
benefits could be obtained provided the water level at Livingston Reservoir is never permitted to drop below elevation 1,605 feet. At this
elevation the pool would contain 1,440 acre-feet, have an area of 170
acres and a maximum depth of 35 feet. All ways to modify project design and operations to attain this goal should be examined.
Subsequent to the development of the preliminary water operation
plan, a re-analysis by the Bureau of Reclamation revealed that reservoir drawdowns could be substantially reduced. The final operation
regimen indic-ated that the system could be operated so that reservoir
levels would not fall below 1,605 feet m.s.l. With that operation, an
annual benefit of 18,000 fisherman-use days valued at $18,000 could be
realized.
Wildlife
The Livingston project area does not offer ·feasible opportunities for
the development of public hunting facilities because of its location
within the general confines of a rapidly expanding- urban area. However, maintenance of as much as pos.5iible of the existing natural habitat above the top of the conservation pool, plus the establishment of
several small plantings would provide cover for a wide variety of birds
and mammals. The opportunity for visitors, particularly classroom
groups of children from elementary schools, to ·dbserve these birds and
animals in their natural environment within an urban setting, represents an important potential.
In order to compensate for a project-occasioned loss of hunting,
wildlife habitat, and associated intangible wildlife values, approximately 12 acres of planned wildlife habitat plantings should be made
on project lands. These plantings should consist of a mixture of
buffaloberry, rose, c'hokecherry, and Russian olive on selected sites. The
cost of this development is estimated to be $4,000 with an annual O&M
of about $150. Furthermore, existing wildlife habitat above the conserva;tion pool should be maintained, where possible.
TABLE 5.-INITIAL COSTS, O.M. & R., AND VALUES ATTRIBUTABLE TO FISH AND WILDLIFE COMPENSATION AND
ENHANCEMENT MEASURES

Annual values
Recommendation
Compensation: Recommendation 5 (wildlife plantings) •••
Enhancement:
Recommendation 2 (joint-use recreation facilities) •••
Recommendation 3 (reservoir zoning) ••••••••••••••
Recommendation 4 (reservoir operation) •••••••••••

Initial costi
$4,000
(3)
(')
(4)

Annual
O.M. & R.
cost 2

Fishery

$150 --------------

Wildlife
(man-days)
+250

$4, 300 •• _•••••••••••
1,800 -----·········
a 18, 000 •••• --- •••• - - -

I Initial costs for compensation measures should be borne by the project. Initial costs for enhancement measures should
be cost shared by non-Federal interests under provisions of Public Law 89-72.
2 O.M. & R. costs for compensation measures should be borne by the project. O.M. & R. costs for enhancement measures
should be assumed by non-Federal interests.
aCosts to be developed by Bureau of Outdoor Recreation.
.
.
4 Costs, if any, to be developed by Bureau of Reclamation during advanced proiect plan nm~.
. .
.
aComprised of $13,400 primary fishery benefits plus $3,300 additional fishery values creditable to Joint-use recreaho n
facilities and $1,300 additional to reservoir zoning.
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TABLE 6.-SUMMARY OF AVERAGE ANNUAL FISH AND WILDLIFE BENEFITS AND LOSSES ATTRIBUTABLE TO
PROJECT DEVELOPMENT

With the project
Minimum
development 1
Fishery, total_ _____ _______ ____ _____ _________________ _____ _________ ____________ __
Attributable to joint-use facilities:

$17, 400

::~~~ii~nz~~~~1t~~s ~ ~

Total
development 2
$41,500
$4,300

Reservoir operation_______
_________
_____
__===
____
__==____
______
___
__===
___==___
_____
___
_
__ ===_____
== == =
=========
==== =
===
=== ==
=====
===_____
=====
===
=== ==
===
Attributable to single-purpose fishery measures___ ___ _____ ___ _______ __ __________
0
4 25
Wild~iiri~~!ble to joint-use facilities____ ___ __ ___ _________ ____ _____ _____ ______ ___ _
Attributable to single-purpose wildlife measures__ __ __ ______ __ ___ ___ _____ _______
0

8

$1,800
a $18,000
0
0
0

'+250

• Includes only minimum facilities required for public health and safety as shown in tables 3 and 4 (with the project).
21ncludes all fish and wildlife compensation and enhancement measures.
aComprised of $13,400 primary fishery benefits plus $3,300 additional fishery values creditable to joint-use recreation
facilities and $1,300 additional to reservoir zoning.
, Man-days.

RECOMMENDATIONS

The following recommendations are made for the conservation iand
improvement of fish and wildlife resources. Their enjoyment, use, and
observation by the public is an important part of full project
development.
It is recommended that :
( 1) Reasonable public access be permitted commensurate with
required water quality for municipal use, safety, efficient
operation, or protection of public property.
(2) Two fisherman access points be developed with each one to
provide parking space for 15 cars and boat tr.ailers, plus water
supply, trash disposal, and sanitary facilities.
( 3) A zoning p1'an for project lands and waters be developed
cooperatively by the Bureau of Reclamation, the National Park
Service, the North Dakota Game and Fish Department, and the
Bureau of Sport Fisheries and Wildlife.
( 4) Operational plans be developed, if .feasible, to 'assure that
reservoir water levels never drop below elev,a tion 1,605 feet.
( 5) On project lands above the conservation pool as much existing wildlife habitat as possible be maintained and approximately
12 acres of p1'anned wildlife habitat be p1'anted to compenS'ate for
losses to wildlife.
We appreciate the opportunity to furnish our evaluation of the
effects of Livingston Reservoir on fish and wildlife resources. Please
notify us if there are any significant changes in project plans so that
we may revise our report, if necessary.
R. w. BURWELL.
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NORTH DAKOTA GAME AND FISH DEPARTMENT,

June f3, 1969.
Mr. CECIL E. GuBSER,

Superviso!; Missouri River Basin Studies,
Billings, LJ1. ont.
DEAR MR. GunsER : I have reviewed the draft report on the Minot
Extension, Garrison Diversion Unit.
I concur in the report, but am not willing to commit the North Dakota Game and Fish Department to any cost-sharing as provided under
Public Law 89-72 for fish and wildlife enhancement.
As the report indicated, the reservoir will have a declining fisheries
value due to a drawdown of the reservoir during late fall and winter
and the fact that large rough fish populations may occur. Our financial
participation will be confined to the fisheries management of the
reservoir.
Sincerely,
RussELL W. STUART, Commissioner.

REPORT OF THE BUREAU OF MINES
DEPARTMENT OF THE INTERIOR,
BUREAU OF MINES,'
DENVER OFFICE OF MINERAL RESOURCES,
Denver, Oolo., June 6, 1969.
Mr. lIARoLD E. ALDRICH,
Regional Director, Region 6, Bureau of Reclamation,
Billings, Mont.
DEAR MR. ALDRICH : A mineral examination has been made of the
Livingston Reservoir site, Ward County, N. Dak., by Arthur E. Falvey. The summary from his report follows:
A proposed dam on Livingston Creek, about 1 mile east of Minot,
N. Dak., if constructed, would impound water covering an area approximately 4 miles in length along the creek and over 1½ miles in
length along a nearly parallel coulee that branches due north from the
stream channel. Water stored would be used as a domestic supply for
the city of Minot and the Minot Air Force Base.
Bedrock at the damsite is the Tongue River Formation, which is
covered with glacial moraine. The only commercially available mineral
deposits in the immediate area are sand a.nd gravel. Lignite seams are
found in the Tongue River Formation, but are too thin and too deep at
the reservoir site for economical mining.
A future petroleum or mineral exploration and -development within
the vicinity of the Livingston Dam and Reservoir would not be adversely affected by the proposed construction.
A Great Northern Railway branch line that crosses the axis of the
dam and a crude oil line from the Glenburn oilfield northeast of Minot
would have to be relocated.
Sincerely yours,
0. M. BISHOP, Chief.
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REPORT OF THE FEDERAL WATER POLLUTION
CONTROL COMMISSION
DEPARTMENT OF THE INTERIOR,
FEDERAL WATER POLLUTION CONTROL AnMINISTFATION,
MISSOURI . BASIN REGION'

Kansa,s City, 11/o., July 17, 1969.
Memorandum to: Mr. Harold E. Aldrich, Director, Region 6, Bureau
of Reclamation, Billings, Mont.
From: Regional Director, FWPCA.
Subject: Minot extension, Garriaon diversion unit, North Dakota.
In accordance with your request of June 30, 1969, we have reviewed
the proposed feasibility report on the subject unit.
The city of Minot has adequate waste stabilization lagoon facilities for sewage treatment that are presently in compliance with the
approved -water quality standards. Further, the city has plans for
expansion of these facilities to keep pace with the population increase.
There would be no need for the release of project water for assimilation of wastes from :Minot. ·we note that your comments on page 45
regarding waste treatment facilities might be more appropriately included on page47 under Pollution Control.
We -are pleased that our previous comments on waterfow1 nesting
areas have been included in your repovt. If we can :be of further service,
please do not hesitate to call on us.
GARRY

L.

FISK

(For John M. RademMher).
DEPARTMENT OF THE INTERIOR,
FEDERAL WATER POLLUTION CONTROL ADMINISTRATION,

Kansa,s City, Mo., February 18, 1969.
To: Project manager, Bureau of Reclama;tion, Bismarck, N. Dak.
From: Regional Director, FWPCA.
Subject: Proposed feasibility report on Minot extension, Garrison diversion unit, Missouri River Basin project, North Dakota.
Reference is made to your memorandum dated December 18, 1968,
requesting our review and comments on the proposed feasibility report
on Minot extension, Garrison diversion unit. We have reviewed the
data which you supplied to us and find that the proposed project will
not affect the quality of the water in streams in that area.
We would discourage the development of waterfowl nesting areas
in the reservoir area to prevent the possible occurrence of taste and
odor problems in the Minot water supply.
We ap:preciate the opportunity to review your study. H you have
any questions, please feel free to contaot this office.
JoHN
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-M.

RADEMACHER.

REPORT OF THE DEPARTMENT OF HEALTH,
EDUCATION, AND WELFARE
DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE,
REGION AL OFFICE

VI,
Kansas Oity, Mo., July ~9, 1969.

Mr. R. E. ALDRICH,
Regional Director, Bureau of Reclamation, Region 6,
Billings, Mont.
DEAR MR. ALDRICH : We have reviewed the proposed feasibility
report on Minot Extension, Garrison Diversion Unit, North Dakota,
dated June 1969. We have consulted the North Dakota State Department of Health ·a nd the Public Health Service Insect and Rodent Control Field Research Unit and would like to offer the following
comments.
.
In general, the proposed project is satisfactory to both the Public
Health Service and the North Dakota State Department of Health.
However, the section of oil pipeline within the Livingston Reservoir
drainage basin should be removed to a void contamination of the
reservoir.
With respect to potenti al vector control problems associated with
project development, production of mosquitoes would be expected to
occur in areas of the reservoir where the water is shallow, protected
from wave action, and contains emergent vegetation or flotage. Proper
clearing of the reservoir basin prior to impoundage, selective shoreline
conditioning, and marginal drainage where indicated, would minimize
conditions :favorable for the propagation of mosquitoes. Also, production of mosquitoes would be expected in seepage areas which develop
below the dam and in ponded situations associated with borrow areas,
road, and railways.
Development of recreational and other public use areas in conjunction with Livingston Reservoir would likely result in the exposure of
humans to vectors of terrestri al origin, including arthropods such as
ticks, fleas, and flies, ·a nd rodents such as ground squirrels, chipmunks,
rabbits, rats, and mice which are hosts of various pathogens affecting
man. In ord~r to minimize public health hazards at waterside recreational areas, appropriate prevention and control measures should be
carried out as necessary to protect humans from the mosquito vectors
of encephalitis virus and the various arthropods and rodents which
serve as vectors ·a nd reservoirs of tularemia, tick-transmitted
pathogens, -a nd related disease of public health import ance.
As public health safeguards against vector-borne diseases, it is recommended that the following procedures and practices be given full
consideration in the design, construction, operation, and mamtenance
of the proposed project:
.
1

1

1
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LIVINGSTON RESERVOIR

A. Prior to impoundage, the reservoir basin should be prepared us _
follows:
1. Clearing-The normal summer fluctuation zone should be completely cleared except for sparse vegetation along abrupt shorelines
which will be exposed to waYe action. For mosquito control purposes,
removal of flotage and aquatic or wet land vegetation from shallowwater areas is of utmost importance.
2. Draining-Depressions, marshes, seeps, sloughs, and other potential mosquito sources which will be flooded by the reservoir at higher
pool levels and which will retain water at lower pool levels should be
connected to the reservoir by drains to insure complete drainage or to
permit free fluctuation with the main reservoir.
Where roads are relocated above the maximum pool level, culverts
should be installed to insure complete drainage of all areas behind
embankments. Where roads are relocated within the fluctuation zone,
drains should be installed for all areas on the Iandward side of
emban~ents to provide complete drainage or connection with the
reservoir.
3. Borrow pits-Borrow areas located within the fluctuation zone
or outside the reservoir should be constructed with steep banks to
minimize growth of vegetation in shallow water, and should be made
self-draining, if possible.
4. Shoreline conditioning-Consideration should be given to shoreline conditioning for elimination of potential mosquito breeding areas
in shallow portions of the reservoir, tributary embayments, and similar
situations. Small problem areas might be eliminated by filling, while
larger areas might be handled by grading or deepenmg to provide
steep shorelines.
B. After impoundage, the following measures should be carried out
in all potential mosquito producing areas:
1. Control of vegetation-Vegetation of a type and density favorable for mosquito production should be controlled as necessary in
shallow portions of the reservoir. Control of vegetation should also
include removal of associated fl.otage and debris by mechanical or
other means.
2. Drainage-Drains should be installed to eliminate seepage areas
which develop below the dam.
RECREATION AL AREAS

'1. Proper storage, collection, and disposal of refuse should be practiced in order to prevent and control flies, wasps, other noxious insects,
rats, wild rodents, and other small mammals.
2. All buildings should be rodent-proofed at recreational areas
where rodents are prevalent which may create public health hazards.
3. Debris rubbish, and other materials which may serrn as harborage for r~dents and other small mammals should be removed
periodically.
4. Brush and weeds along paths, trails, road~ays, and other areas
frequently used by visitors should be removed m order to reduce the
likelihood of tick infestation.
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TECHNICAL ASSISTANCE

The project sponsors should consult the Environmental Health and
Engineering Services, North Dakota State Department of Health,
relative to specific corrective measures for vector prevention and cont_rol to be incorporated into the planning, construction, and operation
of the proposed project.
Sincerely yours,
T. C. FERRIS, P.E.,
Water Hygiene Representative,
Environmental Control Administration.

COMMENTS OF THE STATES AND FEDERAL AGENCIES
NORTH DAKOTA STATE w ATER COMMISSION'
Bismarck, N. Dak., 11/arch 9, 1970.
Mr. ELLIS L. ARMSTRONG,
0 ommissioner, Bureau of Reclamation,
Department of the Interior, Washington,D.0.
DEAR MR. ARMSTRONG : In response to your request of September 22,
1969, following are the official views and recommendations of the
State of North Dakota concerning the proposed report on the Minot
Extension of the Garrison Diversion Unit, North Dakota. Governor
William L. Guy of the State of North Dakota has authorized me, as
the Engineer-Secretary of the State Water Commission, to present
these comments on his behalf. Also, as requested in your letter of
November 6, 1969, North Dakota's recommendations relative to the
development of a ground-water conveyance system in conjunction with
the Minot Extension are included.
Speaking on behalf of the State of North Dakota, I endorse the
Minot Extension of the Garrison Diversion Unit and support the
amended plan for development which now includes a11 initial development of a ground-water convevance svstem from a nearby aquifer. I
urge early authorization of Minot Extension so that the initial development o'f the plan can be carried out as soon as practicable.
The fish and wildlife aspects of the proposed report have been reviewed by the North Dakota Game and Fish Department. The Department concurs in the report findings and will participate in the .fisheries
management of Livingston Reservoir.
I am also able to mform you that the Board of Directors of the
Garrison Diversion Conservancy District has expressed support for
the }1inot Extension of the Garrison Diversion Unit and urges early
authorization by Congress. On July 17, 1969, the Board of Directors
adopted a resolution that expressed the District's intent to assume or
arrange for the assumption of one-half of the separable capital costs
and all the operation and maintenance costs associated with the recreation and fish and wildlife aspects of the Minot Extension as is required by the Federal ·water Project Recreation Act (PL 89-72).
In reference to the initial development of Minot Extension which
would convey ground water to the city of Minot, I have reviewed the
city"s needs, the adequacy of the ground-water aquifer, and the plan
proposed by the Bureau of Reclamation. The city and the Minot Air
Force Base de.finitely need immediate relief from water supply short-
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ages. It appears that development of the ground-water aquifer and
construction of conveyance facilities as a first stage of an over-all
water supply plan would meet Minot's immediate needs. This would
permit deferment of construction of second stage facilities utilizing a
water supply from Garrison Diversion Unit until the demands for
water in Minot exceed the capabilities of the ground-water supplies.
Sincerely yours,
MILO
HOISVEEN,
Engimeer-S ecretary.

w.

DEPARTMENT OF NATURAL RESOURCES,
COLORADO WATER CONSERVATION BOARD,
Denver, Colo., October 9, 1969.
Hon. WALTER J. HICJU]L,
Secretary of the Interior, Interior Building,
Washington, D.O.
DEAR MR. SECRETARY : There was transmitted to us by letter dated
September 11, 1969, reply reference 735, a report of the Department of
Interior on the Minot Extension, Garrison Diversion Unit, Missouri
River Basin project, North Dakota, for review in accordance with provisions of the Flood Control Act of '1944.
As agency designated to aci on such matters, we are submitting herewith comments relative to the Minot Extension, Garrison Diversion
Unit.
The primary purpose of the Minot Extension, Garrison Diversion
Unit is to provide the city of Minot a dependable supply of good quality water to meet the immediate and long-range municipal and industrial needs of that city. The project will also provide outdoor
recreation and enhance the fish and wildlife opportunities in .the ·area.
The Garrison Diversion Unit was authorized as part of the Missouri
River Basin project by Public Law 89-108 in 1965. Municipal and
industrial water service is included as one of the purposes of rthe unit.
Costs of the unit were ·a llocated t-0 the .total municipal and industrial
water function with plans for use to be developed during construction
of the unit. Future water service to the city of Minot was contemplated in the authorized plan of development.
The waiter for the Garrison Diversion Unit will first be pumped
from Lake Sakakawea (the reservoir impoundment 'behind Garrison
Dam) to Audubon Lake, a subimpoundment of Lake Sakakawea.
Water stored in Audubon Lake would flow by gravity through the
McClusky Canal to Lonetree Reservoir. ·water from Lonetree Reservoir would be released to the Velva Canal which would deliver irrigation water to the Karlsruhe Area enroute to the Middle Souris Area
northeast o'f Minot. After crossing the Souris River Valley, Velva
Canal would reach a point about 10 miles from Minot where the water
would 'be diverted for the city's municipal and industrial water supply. The Minot Extension ultimately would require 22,953 acre-feet
which would be delivered at times when the full capacity of Velva
Canal was not being used for irrigation.
Under the proposed plan for the Extension, water would be pumped
from the Velva Canal and conveyed a;bout 3.7 miles by pipeline to a
1
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steel tank regulatory reservoir. From there it would be pumpli:fted
and conyeyed about 5.7 miles by pipeline to t'he. Livingst?n Reserv?ir,
where it would be stored and regulated for delivery to city's existmg
treatment plant. The Livingston Reservoir would have a conservation
storage capacity of 9,97~ acre-feet and a w.ater surface ~1:ea of 1,200
acres which would provide outdoor recreat10n opportumt1es and fish
and wildlife enhancement.
The total investment costs for the proposed Minot Extension project is $17,994,000, and the tentative allocation of this cost is $15,197,000
for municipal and industrial water and $2,797,000 for recreation, fish
and wildlife purposes.
The Minot Extension represents a desira,ble water resources development tl:iat would as~ure ~he ci~y of Mir:ot a dependabl~ supp!y ~f
high quality water. It is engmeermgly feasible and econorrncally Justified in that the benefit-cost ratio is 1.7 to 1.
·we concur in the conclusions of the project report that the improvements would furnish the city of Minot with a needed domestic water
supply, and also concur in the recommendations as set forth in the
report.
Respectfully submitted.
FELIX L. SPARKS, Director.

STATE OF lowA,
lowA NATURAL RESOURCES CouNcrL,
Des Moines, Iowa, December 8, 1969.

_J. HICKEL,
Secretary of the Interior,
Department of the Interior,
Washington, D .0.
DEAR Sm : The Iowa Natural Resources Council, acting under the
authority provided in chapter 455A, Code of Iowa, 1966, and by designation of the Governor of Iowa, submits the following st!atement on the
report on the Minot Extension, Garrison Di version Unit, Missouri
River Basin project, North Dakota. The report was referred to this
office in accordance with Public Law 90-254 ( 82 Stat. 5) , February 13,
1968, and Public Law 89-108 (79 Stat. 433), August 5, 1965.
It is noted that the city of Minot, N. Dak. and adjacent Federal facilities are in need of a dependable supply of good quality water
for municipal, industrial ,a nd other purposes. The report indicates that
the water from loca.l sources is not dependable, both in quality and
quantity, and that the importation of Missouri River water is found to
be the best answer to the water needs of the city and surrounding area.
The withdrawal of water from the Missouri River or its tributaries
is of interest to Iowa, as well as other riparian States, in that the
States wish to protect their riparian rights. It is acknowledged, how~ver, that the water for the Minot extension is minor in scope and was
mcluded as part of the total amount of water to be withdrawn from the
Missouri River by the Garrison Diversion Unit authorized by Congress

Hon. WALTER

In 1965.

The State of Iowa has no objection to the Minot extension of the
Garrison Diversion Unit, Missouri River Basin project, North Dakota,

108

provided that in times of water shortage in the Missouri River Basin
that the Garrison Diversion Unit as a whole share in the curtailment
of water use as all other users have done in the past and are expected
to do in the future.
OTHIE R. McMURRY, Director.
STATE OF KANSAS,
OFFICE OF THE GOVERNOR,
Topeka, Kans., December f9, 1969.

Mr. ELLIS ARMSTRONG,
Oommissioner, U.S. Department of Interior,
Bureau of Reclamation,
Washington, D.O.
DEAR COMMISSIONER ARMSTRONG : Thank you for your report on the
proposed Minot Extension, Garrison diversion unit, North Dakota,
Missouri River Basin project, as submitted in accordance with
provisions of Public Law 534, 78th Congress, second session.
The proposed unit is located entirely within the State of North
Dakota. The Kansas Water Resources Board advises that their review
of the report indicates that the interests of the State of Kansas are not
directly affected. In view of this, it appears appropriate that the views
as expressed by the State of North Dakota should govern the future
action that might be taken with respect to the proposed project.
With every good wish,
Yours sincerely,
ROBERT DOCKING,
Governor of Kansas.
EXECUTIVE OFFICE,
Jefferson Oity, Mo., October 14, 1969.
Mr. FLOYD E. DOMINY,
Oommissioner, U.S. Department of Interior,
Bureau of Reclamation,
Washington, D.O.
DEAR MR. DoMINY : 'This letter is to inform you that the State of
Missouri has no objection to the Minot extension, Garrison diversion
unit, Missouri River Basin project, North Dakota, as described in your
report of September 11, 1969.
It is our understanding that water depletions that will occur from
the proposed construction and storage of water in Livingston Reservoir have been included in depletion estimates for the initial stage of
the Garrison diversion unit.
Sincerely,
WARREN E. HEARNEs, Governor.
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STATE OF NEBRASKA,
EXECUTIVE OFFICE,
Lincoln, January 8, 1970.
Mr. WALTER HICKEL,
Secretary of Interior, U.S. Departm,ent of Interior,
Washington, D.O.
DEAR SECRETARY : The proposed report on the Minot extension, Garrison diversion unit, North Dakota, transmitted :for my official comments by Mr. G. G. Stamm, Acting Commissioner of the Department
of Interior, has been reviewed.
The State water agencies in Nebraska have participated in the development of the attached policy statement concerning this project. I
concur with this policy statement and wish you to regard it as my
official comment.
Very truly yours,
NORBERT T. TIEMANN, Governor.
POLICY STATEMENT V-MINOT EXTENSION, GARRISON DIVERSION UNIT,
NORTH DAKOTA
The principal objective of the Minot extension is to furnish a dependable supply of good quality water to meet the immediate and
future needs of the city of Minot, N. Dak. The proposed development
will also serve fish and wildlife enhancement functions.
The city of Minot presently receives its water from wells and the
Souris River. Both sources of supply are insufficient to meet the future
needs of the city.
The Garrison diversion unit was authorized as part of the Missouri
Rh-er Basin project in August 1965. Municipal and industrial water
service for 14 municipalities, including Minot, and four industrial
areas was included as one of the purposes of the unit although irrigation is the primary function. The major source of water for the Garrison divers10n unit is Lake Sakakawea, the reservoir impoundment
behind Garrison Dam on the Missouri River. The average annual
diversion for Minot's use would increase from an estimated 9,180 acrefeet in 1974 to 22,953 acre-feet in the year 2020.
The ratio of the estimated annual benefits to the annual costs, using
a 100-year period of analysis and an interest rate of 4% percent, is
1.7 to 1.
The commission suggests that consideration be given to preventing
excessive drawdown of Livingston Reservoir, Minot's storage and regulatory reservoir, by continuing the use of the ground water reservoir
and recharging with better quality surface water.
In view of the necessity of assuring Minot of an adequate water
supply, the anticipated insignificant effect of this proposed development on Nebraska's water resources, and the economic feasibility of
the proposed development, the commission concurs with this proposal
as presented by the Bureau of Reclamation.

110

Approved by unanimous action of the comm1ss10n members on
December 11, 1969.
DEMPSEY McNIEL, Chairman.
Attest:
WARREN FAIRCHILD, Executive Secretary.
SOUTH DAKOTA

w ATER

RESOURCES COMMISSION'
Pierre, S. Dak., February 3, 1970.

Mr. ELLIS L. ARMSTRONG,
Bureau of Reclamation, Department of the Interior,
Washington, D.C.
DEAR MR. ARMSTRONG: Under date of January 8, 1970, you requested
views and recommendations on behalf of the State of South Dakota
concerni:p_g ''Report on Minot Extension, Garrison Diversion Unit,
North Dakota."
We are pleased to know that another factor of the general plan approved in the Flood Control Act of 1944 for development of the Missouri River basin has reached the stage when Congress may consider
further authorizing action.
We endorse the project proposed in your report and hope that its
construction can be arranged expeditiously.
Sincerely,
J. w. GRIMES.
WYOMING EXECUTIVE DEPARTMENT,

Cheyenne, December 8, 1969.
Mr. ELLIS ARMSTRONG,
Oom;missioner, U.S. Bureau of Reclamation, Department of the
Interior, Washington, D .0.
DEAR COMMISSIONER ARMSTRONG: Under date of September 22,
1969, the Commissioner of Reclamation transmitted to the State of
Wyoming, a copy of the proposed report on the Minot Extension, Garrison Diversion· Unit, Missouri River Basin Project, North Dakota.
Our comments on that report are submitted herewith.
This proposed development appears to be a desirable and feasible
water project. It is interesting to note that the primary purpose will
be to furnish a water supply for the City of Minot, North Dakota.
It appears that this proposed project is compatible with the general
plan of development for the Missouri River Basin. The State of Wyoming offers no objection to the Minot Extension as proposed in the
subject report.
Sincerely,
STANLEY K. HATHAWAY, Governor.
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DEPARTMENT OF THE ARMY,
OFFICE OF THE CHIEF OF ENGINEERS,
Washington, D .0., November f8, 1969.
Hon. ELLIS L. ARMSTRONG,
Commissioner, Bureau of Reclamation, Department of the Interior,
Washington, D.O.
DEAR MR....t\.m!sTRONG: Reference is made to the Bureau o:f Reclamation letters o:f September 22, 1969, to the Secretary o:f the Army and the
Chief o:f Engineers, transmitting for review and comment the proposed
report o:f the Department o:f the Interior on the Minot extension, Garrison diversion unit, Missouri River Basin project, North Dakota.
The proposed plan o:f development provides for diversion o:f Missouri River water through Garrison diversion unit :facilities for water'
supply for the city of Minot, N. Dak. The principal works would consist of pumps for lifting water from the Velva Canal, a pipeline, and
a regulating reservoir on Livingston Creek east of Minot. The proposed development would also provide water-oriented recreation opportunities and enhancement o:f fish and wildlife resources in the
proposed Livingston Reservoir.
The proposed development would not conflict with existing or authorized projects or plans o:f the Corps o:f Engineers.
Sincerely yours,
F. J. CLARKE,
Lieutenant General, U.S. Army,
Ohief of Engineers.

DEPARTMENT OF AGRICULTURE,
OFFICE OF THE SECRETARY,
Washington, D.O., December 1, 1969.
Hon. WALTER J. HICKEL,
Secretary of the Interior.
DEAR MR. SECRETARY: This is in reply to a letter dated September
?2, 1969, :from the Commissioner, Bureau o:f Reclamation, transmitting
m behalf o:f the Secretary of the Interior copies o:f the proposed report
of the Department o:f the Interior on the Minot extension, Garrison
diversion unit, Missouri River Basin project, North Dakota.
The proposed p·roject recommends plans of development, the major
purpo~e o:f whi?h is to_provide a supplY. of good quality water to meet
~umc1pal and mdustrial needs o:f the city o:f Minot, with benefits also
mcluded :for outdoor recreation and fish and wildlife enhancement.
Construction of the proposed pro'ject would have no adverse effect on
forest resources or upon the water and related land resource projects
or programs o:f this Department.
'thank you for providing this report for our review.
Sincerely,
ALFRED L. EDWARDS,
Deputy Assistant Secretary.
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FEDERAL POWER COMMISSION'

Washington, D.C., December 11, 1969.
Hon. WALTER J. HICKEL,
Secretary of the Interior,
Washington, D.C.
DEAR MR. SECRETARY : The comments herein with respect to the proposed report of your Department on the Minot Extension, Garrison
Diversion Unit, Missouri River Basin Project, North Dakota, are
transmitted in response .to the letter of September 22, 1969, from"'the
Commissioner of Reclamation.
The proposed report recommends construction of the Minot Extension primarily to provide the City of Minot, North Dakota, with a
dependable water supply by diversion from the Missouri River Basin.
Under the proposed plan, water would be transferred from the planned
Velva canal of the Garrison Diversion Unit by means of a 9.4-mile pipeline and two pumping lifts to the proposed Livingston reservoir for
storage and regulation. The water would be released from the reservoir into a pipeline about 5 miles long for delivery to the City's existing water treatment plant. In addit10n to municipal and industrial
water supply, benefits for recreation and fish and wildlife enhancement
would be provided. The total estimated cost of the Minot Extension is
$16,753,000, which includes $12,250,000 for construction and $4,503,000
for assigned costs of the Garrison Diversion Unit.
The Commission staff has reviewed your Department's proposed
report with the objective of appraising the hydroelectric power potential. The proposed Livingston reservoir, with a total storage capacity
of 10,350 acre-feet, would receive a diverted flow estimated to increase
by the year 2020 to :a n average of 22,953 acre-feet 'a nnually. The water
would be released to a pipeline to supply municipal and industrial
needs. Owing to the limited flow 'and head· available, hydroelectric
power development would not be economical at this proposed reservoir.
Based on its consideration of the proposed report of your Department and the studies of its own staff, the Commission concludes that the
recommended Minot Extension of the Garrison Diversion Unit, Missouri River Basin Project, would not provide opportunity for the
economical development of hydroelectric power.
Sincerely,
JOHN N. NAsSIKAS, Chairman.
1

1

DEPARTMENT OF HEALTH, EDUCATION' AND WELFARE, PUBLIC HEALTH SERVICE, CONSUMER PROTECTION AND ENVIRONMENTAL HEALTH SERVICE,
Rockville, JI d., December 19, 1969.
Mr. FLOYD E. DoMINY,
Commissioner, Bureau of Reclamation,
Departmen t of the Interior, W ashimgton, D.C.
DEAR MR. DoMINY: As requested in your letter of September 22,
1969, the Bureau of Reclamation Report on the Minot Extension, Garrison Diversion Unit, Missouri River Basin Project, North Dakota,
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has been reviewed. The Depa.rtment's concerns with this project are
summarized in the enclosed report by the Bureau of Water Hygiene of
the Environmental Control Administration.
The Department of Health, Education, and Welfare has no objection to the authorization of this project insofar as departmental interests and responsibilities are ~oncerned.
Sincerely yours,
CHRIS A. HANSEN'
Assistant Surgeon General,
0 ommissioner.
BUREAU OF WATER HYGIENE

HEW AGENCY REVIEW OF WATER AND RELATED LAND RESOURCES PROJECTS

Title.- Bureau of Reclamation Report on the Minot Extension of the
Garrison Diversion Unit, Missouri River Basin Project, North Dakota
Project summary.-The primary purpose of the project is to provide a dependable supply of good quality water to meet the immediate
and long-range municipal and industrial requirements of the city of
Minot located in north-central North Dakota. The plan also provides
for outdoor recreation development and fish and wildlife enhancement.
The Minot Extension will divert Missouri River water from the Velva
Canal, a part of the Garrison Diversion Unit, at a point 10 miles from
the city of Minot. The water will be pumped to a reservoir to be constructed on Livingston Creek, where it will be stored and regulated.
The plan will provide for construction of a dam and reservoir with a
surface area of 1,200 acres and 9,970 acre feet of conservation storage,
two 78 C.F.S. pumping stations, 9.4 miles of concrete pipeline to convey the impounded water to the Minot water treatment plant and recreation facilities adequate for optimum recreational use of the reserrnir. The total estimated project cost of the Minot Extension is $16,753,000. The benefit cost ratio is 1.7 to 1.0.
Discussion of health-related features of the project.-Minot's present
raw water supply is obtained from wells and the Souris River. Due to
declining ground water levels and low seasonal flows in the Souris
RiYer, the city has resorted to water rationing, artificial recharging of
the underground aquifer with Souris River water, and purchasing
water from Lake Darling, a facility operated by the U.S. Fish and
Wildlife Service. Minot is expected to exceed by 2½ times its
present estimated population of 33,000 by the year 2020. The existing
well supplies are high in TDS (915 ppm) and total hardness ( 410
ppm as CaC0-3). Treatment costs are currently six cents per 1,000 gallons treated. The proposed project is expected to reduce this cost to
4 Ct;nts per 1,000 gall~ns treated .. The report gives assurance that
the impounded water with conventional treatment, "will meet all public drinking water standards."
The proposed recreation development will provide for boating, swimming, fishing, picnicking, ice skating, snow skiing, and camping. The
average annual use for the first 10 years of operation would be 57,000
general recreation days and 41,500 fisherman days. The Bureau ~f Out-
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door Recreation's plan of development will be coordinated with the
North Dakota State Outdoor Recreation Plan and will include water
supply and sanitary and trash disposal facilities. Assurance is given
that recreation use in the vicinity of the water supply intake will be
controlled. Recreational use should be prohibited in the immediate area
of this intake. '\V"e also concur with FWPCA in its recommendation
that the development of waterfow1 nesting areas in the reservoir area
be discouraged in order to prevent the possible occurrence of taste and
odor problems in the water supply. We also recommend that consideration be given to providing multiple level inlets at the water supply intake to msure that water of the best quality can be withdrawn from
the proposed reservoir.
We note that a report dated July 29, 1969, from our Regional Office
in Kansas City concerning possible vector problems was included in the
appendices of the Minot Extension Report. We have nothing further
to add to these comments at this time.
Recommendation on proposed project.-Recommend HEW concurrence in proposed project.
Reviewer.-December 17, 1969.
JAMES E. WARREN, Staff Engineer.
Endorsement.-HEW concurrence recommended; December 17,
1969.
JAMES H. McDERMOTT,
Director, Bureau of Water Hygiene.
OFFICE OF THE AssISTANT SECRETARY OF COMMERCE,
Washington, D.O., January ~1, 1970.
Hon. FLOYD E. DOMINY,
Commissioner, Bureau of Reclamation,
U.S. Department of the Interior, W ashilngton, D.O.
DEAR MR. DOMINY: In further response to your letter of September 22, 1969, to Secretary Stans concerning the proposed report of the
Department of the Interior on the Minot Extension, Garrison Diversion Unit, Missouri River Basin Project, North Dakota, this Department has no comment.
Sincerely,
ERWIN C. HANNUM,
Water Resources Coordinator.

U.S. DEPARTMENT OF LABOR,
DEPUTY ASSISTANT SECRETARY FOR
•MANPOWER AND ADMINISTRATOR,
Washington, D.O., DecemlJer 5, 1969.
Hon. ELLIS L. ARMSTRONG,
Commissioner, Bureau of Reclamation,
Department of the Interior, Washington,D.O.
DEAR MR. ARMSTRONG : As requested in a letter of September 22
to the Secretary of Labor, we are providing you with our comments
regarding the proposed report of the Department of the Interior concerning the Minot Extension, Garrison Diversion Unit, Missouri River
Basin Project, North Dakota.
We have reviewed the report jointly with the affiliated North Dakota
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employment security agency. While the project is expected to have
little long-term impact on increasing job opportunities in the project
area, we feel that benefits will accrue to the area through an increase
in the water supply for municipal and industrial usage and some enhancement to recreation, fish and wild life activities.
In view of the above considerations, the Department of Labor is
pleased to inform you that it endorses this project, assuming that it
otherwise meets standards set forth in pertinent laws.
Sincerely,
MALCOLM R. LOVELL, Jr.,
Deputy Assistmnt Secretary for Man power
a;nd Manpower Administrator.

OFFICE OF THE SECRETARY OF TRANSPORTATION,

Washington, D.O., November 20, 1969.
Hon. FLOYD E. DOMINY,
Commissioner, Bureau of Reclamation, Department of the Interior,
Washington, D.O.
DEAR ~fa. DOl\nNY: ·This is in response to your letter of September 22, 1969 to Secretary Volpe concerning the proposed Department
of the Interior report on the Minot Extension, Garrison Diversion
Unit, Missouri River Basin project, North Dakota.
Your report recommends the construction of a dam and reservoir on
Livingston Creek and ·a ppurtenant works for diverting waiter by pipeline from the Velva Canal to the reservoir where it would be stored ·a nd
regulated. The water would then be released from the reservoir and
carried by pipeline to ·a water treatment plant at Minot to supplement the city's water supply. The project 'has an estimated cost
of $16,753,000 and a benefit/cost ratio of 1.7 to 1, using a 4%-percent
rate of interest.
In the Bureau of Public Roads review of your proposal it was noted
that construction of the reservoir would require the relocation of approximately 3 miles of Federal-Aid Secondary Route No. 376 and
that this expense would be made part of the estimated cost of the
project. The Bureau also noted that the relocation should be coordinated wit'h the North Dakota State Highway Department and that
new construction should conform to the current standards for the
existing volume of traffic.
From the U.S. Coast Guard analysis of your report it was observed
that a secondary benefit resulting from proj eat implementation would
be the development of a recreational area around Livingston Reservoir
which would provide additional opportunities for water oriented recreational activities. Here the primary Coast Guard concern lies in the
administration of water safety programs for the impounded waters.
The Department has no objection to your findings and recommendation and it ·a ppreciates this opportunity for review and comment.
Sincerely,
RICHARD J. BARBER,
Deputy Assistant Secretary for
Policy and International Affairs.
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